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PREFACE.

Tas great advance which has been made during recent years
as the result of the application of science to industry has served
to emphasise the fact that all manufacturing operations are based
upon either chemical or mechanical principles. Technology is
only another name for applied science, and it has thus become
necessary to distinguish between chemical and mechanical
technology. Chemical technology has been recognised as a
separate branch of applied science for many years past, and the
term conveys a distinct meaning which is now well understood.
Mechanical technology, on the other hand, has scarcely yet come
to be regarded as worthy of treatment on scientific lines.
Although there are many excellent treatises on the various
branches of the subject, they are for the most part too highly
specialised for general use, being intended for the expert or
craftsman. Hence it seemed desirable to bring together in one
volume a connected and systematic account of the chief operations
underlying mechanical trades and handicrafts.

It is believed that a study of the subject will be found of
advantage to the majority of workers in the mechanical and
allied industries. It should also prove useful to students and
apprentices, but it is not to be expected that any description of
workshop tools and processes can possibly take the place of
actual experience in their use. But it is a fact that when “ going
through the shops ” young engineers rarely devote any time to
the foundry or smith’s shop, although a knowledge of the
operations there carried on is of paramount importance to the
designer and constructor. Scarcely less desirable is an acquaint-
ance with the methods of the rolling mill, or of the possibilities
of stamping, drawing, etc., processes which are much neglected
by the majority of engineers. It is hoped that the present work
may form a useful guide for beginners and those with limited
time at their disposal, enabling them to acquire some knowledge
of the leading features of the work referred to.
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To some extent the information contained in the following
pages has been obtained by visiting works,%and much has been
gathered from a study of the leading technical journals, and of the
proceedings of the technical societies, of which acknowledgment
has been made throughout the text. The experience gained in
the workshops and laboratories with which the author has been
connected has been largely drawn upon, and several well-known
authorities have rendered valuable assistance. To all these
sources, the author’s grateful acknowledgments are due, and are
hereby tendered.

G. F. CHARNOCK.
BRADFORD, 1915.
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MECHANICAL TECHNOLOGY.

CHAPTER I
INTRODUCTION.

TecaNoLoaY may be defined as that branch of knowledge
which deals with the processes and apparatus employed in the
conversion of the raw products of nature into finished articles
of utility.

It will be found that the object of all manufacturing processes
is to bring about a change either (1) in the internal constitution
or composition of the material, or (2) in the external shape or
appearance. - Hence, technology may be divided into two great
branches, distinguished as (1) chemical, and (2) mechanical,
according to which of the two methods of conversion is
employed.

Many manufacturing processes are partly chemical and
partly mechanical. For instance, the smelting of iron from
the ore must be regarded as a chemical operation, whilst the
rolling, forging, casting, machining, ete., to which the metal
is subsequently subjected, belong distinctly to the domain of
mechanical technology.

It will be seen that mechanical technology may be sub-divided
into sections, each of which is concerned with the working of
some particular kind of raw material, as of metal, or of wood,

M.T. B



2 MECHANICAL TECHNOLOGY.

or again, of some textile material, etc. In every case, how-
ever, the same distinguishing characteristic is observed, viz.:
that the external form only undergoes alteration, the chemical
composition of the material operated upon remaining un-
changed.

Strictly speaking, mechanical technology embraces all mecha-
nical trades or handicrafts, for each of which some special
technical knowledge is required. But there are many simple
operations, and many tools the use of which is common to
a number of widely differing trades. The subject may there-
fore be treated in either of two ways. Firstly, as a description of
methods of manufacture from the raw material to the finished
product, or secondly, as an explanation of general principles
underlying the action of machines and processes without reference
to any particular trade. In all branches of engineering and the
allied industries, the chief requirement is a knowledge of
mechanical technology on specialised lines according to the first
method of treatment, but in the most useful arrangement of the
subject, it is desirable to retain as far as possible a scientific
classification of the means of production to admit of the general
application of the principles involved.

Articles of utility and the various parts of machines and
structures are manufactured from the raw material by taking
advantage of some property which such material possesses in a
marked degree. Thus, by virtue of the property of plasticity,
some substances may be moulded into shape merely by the
application of external force as in the manufacture of pottery,
and in the case of metals in stamping, embossing, coining, etc.
Many materials, especially when heated, may be reduced from
one form to another by hammering, thus bringing into play the
property of malleability, on which the process of forging depends.
Again, some substances when raised to a high temperature
possess sufficient fusibility to admit of being cast into moulds,
thus giving rise to the process of founding. Further, there
are many manufacturing processes which depend upon the
cutting away or removal of superfluous material by means
of shears, saws, chisels, drills, lathe and planer tools, etec. In
such cases it is important that the strength, elasticity, hardness
and toughness of the material operated upon should receive full
consideration. '
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The most useful treatment of the subject would therefore
appear to be that which proceeds along lines corresponding
to the successive operations which are followed in the work-
shop, commencing with the raw material, which is first sub-
jected to processes of casting, rolling, forging, etc., and is
finally reduced to the required form by cutting or * machining.”
In this way the subject is naturally divided into four parts, as
follows :—

I. The preparation and properties of the raw material.
II. The production of castings, by taking advantage of the
property of fusibility.
III. The production of bars, plates, forgings, etc., by utilising
the properties of malleability and duetility.
IV. The finishing of castings, forgings, etc., by machining.
It is proposed to deal with the first three parts in the present

volume, the fourth being of sufficient importance to warrant
separate treatment.

B 2




PART I

ProDUCTION AND PROPERTIES
ofF THE CHIEF MATERIALS OF CONSTRUCTION.

CHAPTER II.

PHYSICAL, CHEMICAL, MECHANICAL, ETC., PROPERTIES
OF MATERIALS.

Tue properties of the various raw materials may be classified
as (1) physical, (2) chemical, and (8) mechanical.

The Physical properties include (a) specific gravity; (b)
specific heat; (c)-fusibility; (d) conductivity for heat and
electricity ; and (¢) magnetic properties.

(a) Specific gravity is the ratio which the weight of a cubic
inch of the body bears to the weight of a cubic inch of distilled
water at the normal temperature of 60° F. Or, instead of a
cubic inch a cubic foot may be taken. Thus, & cubic foot of cast
iron weighs 452 Ibs.,and of water 62:425 1bs. The specific gravity
of cast iron is then 452 <+ 62°425 = 7-28.

(b) Specific heat is the ratio which the quantity of heat required
to raise 1 lb. of the given substance through one degree bears
to the quantity of heat required to raise the temperature of
11b. of water one degree. In measuring the quantity of heat
the unit employed is the British Thermal Unit (B. Th. U.), which
is the amount of heat required to raise the temperature of 1 1b.
of water 1° F.

Of all known substances, water has the greatest specific heat.
To raise the temperature of 1 lb. of water 1° F. requires one
unit of heat. But it is found that one unit of heat is capable
of raising the temperature of 7-7 lbs. of cast iron through 1° F.
The specific heat of cast iron is therefore 10 <+ 7-7 = 0-1298.
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(c) Fusibility is the property of becoming liquid at high tem-
peratures. In melting, most metals and alloys pass at once
from the solid to the liquid state. There are, however, a few
exceptions—notably white cast iron and platinam—which pass
through an intermediate or pasty condition shortly before fusion.
Almost all metals expand on melting, and contract on solidifica-
tion. The exceptions are antimony and bismuth, which expand
on solidifying, and impart the same property to their alloys.
Fusibility must not be confounded with fluidity, which is quite
a different property. The degree of fluidity of different metals
when melted varies widely, and plays an important part in the
production of castings. '

(d) Conductivity for Heat and Electricity.—As a rule, metals
are good conductors of both heat and electricity, in which respect
they differ from non-metallic bodies. Electrical conductivity is
seriously affected by the presence of impurities, and falls off
rapidly with a rise in temperature. The relative conducting
power is therefore given for metals in a pure state and at normal
temperature (60° F.), and is referred to silver as standard,
that metal being the best known conductor of both heat and
electricity.

(e) Magnetic properties.—What are termed magnetic metals,
viz., iron, steel, nickel, cobalt, chromium and manganese, are
attracted by a magnet. The magnetic power of nickel is very
slight compared with iron and steel, and the other metals still
less s0. A number of substances, including bismuth, phosphorus,
antimony, zine, lead, silver and copper, are repelled, although
feebly, from the poles of a magnet, and are therefore said to be
diamagnetic. It is well known that steel, and, to some extent,
cast iron, can retain permanently the magnetism imparted to
it. 8oft wrought iron, on the other hand, is temporarily mag-
netie, i.e., only so long as it remains under the influence of a
permanent magnet, or of magnetic induction.

As already explained, a consideration of the Chemical pro-
perties of the various substances used for industrial purposes
falls within the province of chemical, rather than mechanical,
technology. At the same time, it is scarcely possible to draw a
strict line of demarcation, and a knowledge of chemistry will be
found extremely useful in almost all manufacturing operations.

The Mechanical properties comprise:—(f) tenacity;
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(9) elasticity ; (k) hardness; (i) toughness; (j) malleability ; and
(k) ductility.

(f) Tenacity is that property which enables a substance to
resist fracture under the action of tensile stress. In practice, it
is expressed in tons per square inch of sectional area. The
tenacity of any given material is ascertained by actual experi-
ment in the testing machine, a specimen of known dimensions
being pulled asunder and the load noted. The tenacity of metals
is considerably affected by the presence of impurities, by
mechanical treatment, as in forging and rolling, and by variation
in temperature. A consideration of the strength of materials is
not limited to the action of tensile stress, but must also include
compression or crushing stress, shear, bending, and torsion.
For this part of the subject, the reader must be referred to a
separate text-book.

(9) Elasticity.—Under the action of stress, material undergoes
a change in shape, and is said to be strained or deformed.
Elasticity is that property which causes a body to spring back to
its original form on the removal of the straining force. Up to a
certain point, termed the limit of elasticity, the material remains
perfectly elastic, and recovers itself completely when the load is
removed. If, however, the stress be carried beyond the limit of
elasticity, the body fails to return to its original form when
relieved, and is said to have taken a permanent set. The limit
of elasticity may therefore be defined as the maximum stress
which can be resisted without producing permanent set.

The modulus of elasticity is & number or constant for any
given material by means of which the amount of deformation for
any load within the elastic limit may be calculated. To take an
example, suppose a tie-rod of sectional area A square inches and
length L inches carries a load of W tons, and let ¢ inches be the
change in length, or extension, produced by W. Then the tensile
stress = % tons per square inch. The strain is defined as change
in length expressed as a fraction of the original length, or strain
= %. Now the fraction stress ;. called the modulus of elasticity

strain

= E, so that
_stress _ W , e WXL

=grain - A " LA Xe tons per square inch.’
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If E be given, and it is required to find the amount of extension,
the formula becomes WL

e = ﬁ-
For example, take the case of an iron wire 10 feet long and of
$ square inch sectional area, which is hung vertically, and has a
load of 450 1bs. attached to its lower extremity. The value of E
being = 12,850 tons per square inch, the stretch of the wire will

be ,_ WL _ 450 x 10 x 12
' = EA — 2240 x 12,850 X }

A body which does not recover its original form on the
removal of the load, but retains the impression made upon it, is
said to be plastic. In this sense, plasticity may be regarded as
the absence of elasticity. Wet clay is typical of this property in
a high degree, and it may be developed to a greater or less extent
in many metals.

(h) Hardness is commonly defined as the resistance offered by
a body to penetration. In the absence of any standard method
of producing and measuring the amount of penetration, widely
different meanings have been attached to the term, and although
hardness is a property of very great importance for many
practical purposes, very little concerning it is to be found in
text-books. Three distinct methods of measuring hardness have
been proposed, viz.:—(1) the scratch method, which in principle
is that employed by a workman who makes use of a file for the
purpose ; (2) the indentation method, and (8) by the rebound of
a small hammer or ball.

It was in the first place proposed to measure the hardness of
any body by its ability to scratch certain standard substances, or
of being scratched by them. This standard of hardness was
devised by Mohs, who selected ten well-known minerals and
arranged them in order so that any one of them will scratch all
those which precede it, and be scratched by all which follow,
thus :—

= *015 inch.

Mohs’ Scale of Hardness.

1. Tale. 6. Orthoclase (Feldspar).
2. Gypsum. 7. Quartz.

8. Calcite. 8. Topaz.

4. Fluorspar. 9. Corundum.

5. Apatite. 10. Diamond.
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Thus the diamond will scratch all other substances, but is
scratched by none. Suppose a body is not scratched by, nor is
able to scratch, topaz, its hardness is said to be 8. If a certain
substance will scratch quartz, but not topaz, then its hardness is
said to be between 7 and 8. Professor Turner, of Birmingham,
has elaborated the scratch method for the determination of hard-
ness, and has devised for the purpose an instrument termed the
sclerometer. A diamond is carried upon one end of a balanced
arm, and is caused to make a series of scratches on the polished
surface of the metal to be tested. The hardness number is taken
to be the load in grammes on the diamond which is required to
produce on a standard metal surface a scratch of standard width
as measured by a microscope. The operation is a rather delicate
one, requiring considerable skill, and scarcely seems suitable for
everyday use in the workshop. According to the second method,
hardness is measured by means of an indentation test, of which
the best known and most extensively used is that due to the
Swedish engineer, Brinell. It consists in pressing a hardened
steel ball into the surface to be tested under a standard load. The
diameter of the impression produced is measured, and from it
the hardness number is calculated as follows :—

Total load P
Curved area of impression”

Hardness number =
But if D = diameter of ball, and d = diameter of impression,
Curved area of impression = %—) D —vDT — ).

P
2D VD =)

Hence, hardness number = H.N. =

The machine used is shown in Fig. 1. A small hydraulic ram
acting downwards carries a standard ball of 10 m.m. diameter,
which is pressed into the test piece under a standard load of
8,000 kilogrammes for iron and steel, and of 500 kilogrammes
for softer metals. The test piece is placed on the table, the
height of which is adjustable by screw and hand wheel. The
pressure produced by means of a small hand pump may be
read off directly from the gauge, but a dead weight control is
also provided as shown, which limits the maximum pressure to
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that required for the test. It is very important that the
pressure should be maintained on the specimen for exactly the
standard time of 15 seconds in the case of iron and steel, and

F1G. 1.—Brinell’s Hardness Tester.

of 80 seconds for softer materials. The diameter of the impres-
sion is measured by means of a microscope capable of reading to
o millimetre. The machine has been largely adopted, and has
given good results.
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In the third type of instrument invented by Mr. A. F.
Shore, and known as the Scleroscope (Fig. 2), hardness is
taken to be proportional to the rebound of a small hammer
which is allowed to fall by its own weight upon the surface the

F1G6. 2—S8hore’s Scleroscope.

hardness of which is to be
measured. The hammer takes
the form of a small cylindrical
plunger, the lower end of which
i8 pointed, and fitted with a
small diamond of standard size.
The hammer is guided in a
vertical tube of glass, at the
top of which it is held in posi-
tion by a catch. This is released
and the hammer allowed to fall,
by compressing a rubber bulb
which may be held in the
hand. By pressing the rubber
bulb at the top of the tube
and releasing it suddenly, the
hammer is sucked up the tube,
engaging with the catch at the
top. The height of fall, and
therefore the velocity of impact,
is a constant quantity, and the
height of fall (about 10 inches),
the weight of the hammer (40
grains), and the area of contact
are 80 adjusted that the force
due to impact exceeds the
elastic limit of all substances.
The degree of hardness is given
by the height of the rebound
of the hammer, which is read

off on a scale graduated on the glass tube. With a little
practice, this may be done quite accurately, a lens being pro-
vided to read slight differences quite positively. The scale
adopted is an arbitrary one, on which hard steel has a value
of 100. There would seem to be no doubt that under certain
conditions the scleroscope is capable of furnishing valuable
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results, and of giving the relative hardness in certain groups
of material, although a comparison can only be instituted between

individual members of the same group. The scleroscope has the -

great advantage that no specially prepared surface or specimen is
required, and that it may be applied directly to any actual object
the hardness of which is to be measured, without in any way
damaging the surface. It must, however, be admitted that in
certain cases, the scleroscope test is not reliable. Thus,
indiarubber is found to give a hardness number 28, i.c.,
greater than mild steel; soft pine will give 40, or twice the
value for grey cast iron; and glass, 180, a value higher than
the hardest steel. On the other hand, for most ordinary metals
a fairly close coincidence with other methods has been found to
exist, as the following table, due to Professor Turner, will show.

Comparison of Hardness Scales.

Metal. Turner. |Brinell 6. Shore.
Lead . . . . . . 1-0 10 1-0
Tin ) . . . . . 2-5 2-5 80
Zinc . . . . . . 75 60 70
Copper (soft) . . . . . — 80 80
Copper (hard) . . . . .1 120 — 12-0
Softest Iron . . . . . 145 150 —
Mild Steel . . . . .'16t0 24| 210 220
Soft Cast Iron. . . . . 24 21 to 24| 240
Rail Steel . . . . . 126 to 35| 240 270
Hard Cast Iron . . . .| 850 360 400
Hard White Iron . . . - 750 720 700
Hard Steel . . . . . 930 — 950

Order of Hardness of Common Metals.

1. Steel. 4. Copper. 8. Gold.
2. Wrought Iron. 5. Aluminium. 9. Tin.
8. Platinum. 6. Silver. 10. Lead.

7. Zine.

(3) Toughness is the resistance offered to fracture by repeated
bending or twisting. A common test for wire is to ascertain the
number of times a short length can be bent to and fro through
a certain fixed angle before breaking.
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(J) Malleability is the property which enables a body to be
extended in all directions by hammering or rolling. The degree
of malleability is gauged by the thinness of the leaf or foil which
it is possible to produce. Gold is the most malleable of all metals,
and it is stated that gold leaf 354555 Of an inch in thickness
may be obtained. Malleability depends partly on hardness and
partly upon tenacity, and is much affected by the presence of
impurities and by temperature. The relative order of malle-
ability for the commoner metals at ordinary temperatures is as
follows :—

Order of Malleability by Hammering.

1. Gold. 4. Copper. 8. Zinc.
2. Silver. 5. Tin. 9. Iron.
8. Aluminium. 6. Platinum. 10. Nickel.
7. Lead.

Order of Malleability by Rolling.
1. Lead. 4. Silver. 7. Platinum.
2. Tin. 5. Aluminium. 8. Iron.
8. Gold. 6. Copper.

(k) Ductility is usually defined as the property which enables
a body to be drawn out in the direction of length, or in other
words, to be drawn into wire. This property depends very largely
upon tenacity, and to some extent upon hardness. The ultimate
strength or tenacity of the wire when formed must always exceed
the resistance encountered in pulling the metal through the hole
in the draw plate. The ductility of a metal is usually much less
hot than when cold, hence all wire is drawn cold. Glass, on the
other hand, is extremely ductile when hot, and may be drawn
out into very fine thread. Gold is the most ductile of all metals,
and it is on record that an ounce of gold has been drawn into a
wire 1,300 miles long. At ordinary temperatures the scale of
ductility is as follows :—

Order of Ductility (Wire-drawing).

1. Gold. 4. Iron. 8. Zinec.
2. Platinum. 5. Copper. 9. Tin.
8. Silver. 6. Aluminium. 10. Lead.

7. Nickel.
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14 MECHANICAL TECHNOLOGY.

Another definition of ductility is very generally adopted in
practical work, especially in drawing a distinction between
ductile and brittle materials. In making a tensile test, ductile
material will show quite an appreciable amount of stretch or
elongation before fracture takes place. Brittle material, on the
other hand, exhibits no perceptible increase in length under
similar circumstances. A convenient measure of ductility is
obtained by expressing the increase in length as a percentage
of the original length of the specimen. For instance, upon a
piece of mild steel, two centre punch marks are made at a distance
of 10 inches apart. The piece is then broken in the testing
machine, and the distance measured after fracture is found to be
be (say) 12°6 inches. The amount of elongation is therefore

2'5 inches, which is expressed as 21—3 X 100 = 25 per cent. of
the original length.

Occurrence of the Elements in Nature.
According to a careful estimate by the American naturalist,
Professor Vogt, the composition of the earth’s crust, mcludmg
also air and water, may be taken as follows :(—

Per cent. Per cent.
Oxygen . . . . 50 | Carbon . 1
Silicon . . . . 26 | Chlorine. 3
Aluminiom . . . 7% | Phosphorus o
Iron . . . . 4} | Manganese +r
Calcium . . . . 8} | Sulphur. s
Sodium . . . . 2% | Barium . o5
Magnesium . . . 2} | Fluorine s
Potassium . . . 2} | Nitrogen Zo
Hydrogen . . . 1 | Chromium 1o
Titanium . . . % | Nickel ¥
The other elements are present in exceedingly small proportions

only.

Of the metals, aluminium is by far the most widely distributed,
but although of late years the cost of its production has been
considerably reduced, it has quite failed to realise the expectations
which were at one time formed concerning its value as a material
of construction, and there is every reason to believe that iron,
which, after alaminium, occurs most plentifully, will continue to
occupy the most prominent position in the useful arts.




CHAPTER IIL
IRON.

Smelting of Iron Ores.

Iron is met with in commerce as an alloy of the chemical
element iron with carbon and other elements. The three varieties
of commercial iron, viz., cast iron, wrought iron, and steel, are
distinguished from one another chiefly by the amount of carbon
they contain. Iron rarely occurs in the free state in nature, but
is smelted from various ores found in many parts of the world.
In making either iron or steel, the firat process is almost invari-
ably the production of pig iron in the blast furnace.

Ores of Iron.—The chief workable ores are :—

(1) Magnetic iron ore, or magnetite, FesOy, & very pure and
rich ore occurring abundantly in Norway and Sweden, and from
which the celebrated Dannemora iron is smelted, charcoal being
used as fuel.

(2) Red Hematite, consisting of anhydrous ferric oxide, FesOs,
found in ‘the Furness district, and in Spain, Germany, Canada,
and the United States.

(8) Brown Hematite, a hydrated ferric oxide of the formula
2Fey0s + 3 OHj, is probably the most widely distributed ore of
iron, occurring in this country in Lincolnshire, Northamptonshire,
and the Forest of Dean, and also at Bilbao in Spain, and in
France and Germany.

(4) Spathic iron ore, clay ironstone, blackband, or Cleveland
ironstone, is more or less pure ferrous carbonate, FeCOj;, and is
found in Durham, Yorkshire, Staffordshire, Somerset, Derby-
shire, South Wales, and Scotland, and abroad in Germany,
Hungary, Carinthia, Russia, etc.

Hence it will be seen that the only ores used on a large scale
are impure oxides and carbonates of iron. In the preparatory
process of calcining or roasting, which is carried out in large
kilns, moisture, volatile or combustible matter, sulphur and
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Composition of Common Ores of Iron.

Percentage of Iron.
Name of Ore. Chemical Composition. Formula.

Pure | 4.0
()mnpound.l g
Magnetite . . | Black Oxide of Iron . FegOy 724 62
Red Hematite .| Anhydrous Ferric Oxide FegOg 70-0 60
g;'ow? Hematite . | Hydrated Ferric Oxide. | 2 Fe,05. 30Hg | 5989 42
ay Tronstone ) : . 5
Spathic Iron Ore | Ferrous Carbonate . FeCOy 4827 35

carbonic anhydride, CO,, are largely expelled, and any ferrous
carbonate is reduced to ferric oxide thus:—

4 FGCOs + 09 = 2F6303 + 4 COQ

The chemical reaction which takes place in the smelting of iron
is consequently very simple, and consists of the reduction of
ferric oxide by means of carbonic oxide at a high temperature,
thus :—

Fes03 4+ 83CO = Feg 4 8 COs.

The combustion resulting from the action of the blast upon the
lower layers of fuel produces carbonic anhydride, COy, which
ascending through the mass of incandescent fuel above, is reduced
to carbonic oxide, CO, thus :—

CO; 4+ C = 2CO0.

This carbonic oxide then becomes the active reducing agent in
the blast furnace. The “ gangue” or earthy matter contained
in the ore, and the ash left from the combustion of the fuel,
must at the same time be got rid of. This is accomplished by
adding to the charge a flux, such as limestone, which, at the high
temperature of the furnace, produces with the earthy matter a
fusible slag consisting of the double silicate of lime and alumina.
.The slag, being lighter, floats upon the molten metal which
collects at the bottom of the furnace, and is allowed to run away
continuously during the working of the furnace through a hole
or cinder notch situated at the proper height.

Blast Furnace.—The form generally given to the blast furnace
has been derived from the outline section shown in Fig. 3. 1t
consists of two truncated cones joined together at their bases,
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with. a smaller éylindrical portion below.. The upper conical
part is known as the stack or body, the lower being termed the
boshes, and the junction, or widest part, the belly of the furnace.
The mouth, or opening at the top, is described as the throat,and
the contracted portion at the bottom, the hearth. Near the
bottom of the hearth at one side is a rectangular opening, or tap
hole, closed with a stopping of clay when the furnace is at work.
Formerly, the furnace was open-topped, the gas and flame being

]
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F1a. 3.—Profile of Blast Furnace.

allowed to escape directly into the atmosphere, resulting in a
great loss of heat. Since the introduction of hot blast working
by Neilson in 1828, some arrangement for closing the throat has
always been employed, the waste gases being drawn off and
utilised by burning in stoves for heating the blast blown into the
furnace, or under steam boilers for raising steam, and more
recently, in working large gas engines for supplying the blast.

*“ Cold Blast ” Iron.—A high grade pig iron for special foundry
purposes, or for conversion into best Yorkshire iron, as will be

M.T. c
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subsequently explained, is still smelted with cold blast at a few
ironworks.
Originally, the furnace was built of solid masonry, and even

F1G. 4.—Section of Blast Furnace.

when iron-cased, had a double lining, the outer one of common
brick, and the inner of firebrick, a narrow space filled with ashes
teing left between. This was done to prevent loss of heat, and
to allow for expansion and contraction in working. It has been
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found that the loss of heat has no serious consequences, and that
on the other hand, the necessity for repairs is diminished by
permitting reasonable cooling action. Hence the modern furnace
(Fig. 4) is completely cased with steel plates, and only one lining
of firebrick is employed.

The stack is carried upon a ring girder resting on steel
columns, which in
recent designs have
been much increased
in height, leaving the
lower part open to
facilitate cooling of
the boshes. The
hearth is built as an
independent portion
of the structure, after
the stack has been
completed.

On the Continent
and in America, the '
iron casing has been
abandoned, and the
thickness of the lining
has been so far re-
duced that it bas
become necessary to
erect a lattice work
tower round the
furnace to carry the
weight of the charg-
ing gallery, the in- _
clined transporter for F1G. 5.—Boshes and Tuyere of Blast Furnace.
raising thecharge, and
the “down comer” for the waste gases. In this case, brackets from
the tower, instead of steel columns, are used to support the ring
upon which the stack is built, giving very free access round the
hearth. The latest practice in furnaces which are to be driven
hard, is to build the boshes of cast iron cooling blocks through
which water is caused to circulate (see Fig. 5), and which are
provided with a very thin liningof refractory brickwork.

c?
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Some modification of the cup and cone arrangement (see
Fig. 4) is now invariably used for closing the throat, the gases
passing through an opening in the side above the level of the
charge into a vertical pipe or downcomer leading to the hot-blast
stoves. The cup is in the form of a hopper or funnel-shaped
casting built into the mouth of the furnace. The cone or bell is
suspended from a counterbalance lever, 8o as to project somewhat
below the bottom of the cup. When closed, the arrangement
practically becomes a hopper, into which the charge of ore, fuel,
and limestone is deposited. Where hand feeding is adopted, the
cone is lowered by means of a hand wheel operating a pinion
which gears into a toothed sector on the end of the lever, or it may
be allowed to fall by the weight of the charge by opening the
cock controlling a hydraulic cataract cylinder. The material
thus charged into the furnace is distributed uniformly round the
circumference, and the counterbalance weight at the end of the
lever then comes into play, bringing the cone back against the
seat at the bottom of the cup. In some recent examples two
cones are employed (Fig. 6) to avoid loss of gas during the
interval when charging takes place. With the smaller bell closed,
the charge is introduced into the inner cone. On lowering the
smaller bell (F'ig. 6 (a)), the charge is deposited in the space between
the cup and the larger cone. The smaller bell is again raised, to
prevent the escape of gas, and the material charged into the
furnace as above described by lowering the main cone (Fig 6 (b) ).
The blast main is connected to the horseshoe main, which is a
large pipe in the form of a horizontal ring almost entirely
encircling the furnace, and carried by brackets on the columns
which support the stack. From it, smaller pipes or goose-necks
lead to the air nozzles or tuyeres (Fig. 5), through which the
blast enters the furnace. The tuyeres are usually eight or ten in
number, arranged at equal distances round the circumference of
the hearth. Being exposed to an extremely high temperature,
and also to the destructive influences of molten metal and slag,
they must be water-cooled. For this purpose, the nozzle is made
in the form of a hollow cone of wrought iron or phosphor-bronze,
through which a constant stream of water circulates.

Hot-Blast.—The use of hot instead of cold blast has not only
effected a great saving in fuel, but has also rendered possible
a considerable increase in the ‘“make” per furnace. The
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t

F16. 7.~ Cowper” Hot-Blast Stove.
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temperature of the blast now reaches 1,300° or 1,400° F., or a
visible red heat, which is obtained in regenerative firebrick
stoves, the best known and most widely adopted arrangement
being that of Cowper, shown in section in Fig. 7. The
Cowper stove consists of an outer casing of steel plates, about 20
to 25 feet diameter and from 50 to 80 feet high, having a dome-
shaped top, and lined internally with firebrick. At one side of
this casing, a firebrick flame flue is built up almost to the top,
the remaining space being filled with a honeycomb structure of
firebrick *chequer work” for absorbing the heat. Firebricks
of special shape are frequently used, as shown in the detail on
the right, to expose rounded surfaces and prevent clogging up
with dust. When the stove is “ on gas,” the blast furnace gas
and the air necessary for its combustion are admitted through
valves G and A respectively, at the bottom of the flame flue.
The three valves G, A, and C being open, an immense volume of
flame ascends through the flame flue, and is deflected by the
dome through the interstices of the chequer work, passing
slowly through the mass of firebrick, which thus becomes
incandescent, the products of combustion escaping to the
chimney flue through the valve C. To place the stove “on
blast ” the gas valve, the air valve, and the chimney valve are
closed, the cold air valve B at the bottom of the regenerator, and
the hot blast valve H at the buttom of the flame flue are opened.
The cold air supplied by the blowing engine now enters the
regenerator through the valve B, and taking up the heat from the
incandescent brickwork has its temperature raised to about
1,500° F. before passing away to the hot blast main and thence
to the tuyeres of the blast furnace. The stoves are in pairs,
and are worked alternately, one being heated by the combustion
of the furnace gases, whilst cold air is being sent through the
other. The reversal takes place at intervals of about half an
hour, and is effected by means of suitable valves.

One of these stoves containing as much as 1,000 tons of fire-
brick, and having about 80,000 square feet of heating surface,
will supply 16,000 cubic feet of blast per minute. Cleaning is
effected by discharging a small gun a few times in succession at
the top and bottom of the stove. The fine dust which is brought
over in the gases from the furnace, and which is gradually
deposited in the passages of the regenerator, is then thrown down
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by vibration to the bottom of the stove, and may be removed
through suitable doors.

Formerly, two stoves were used for each furnace, but for the
rapid driving now in vogue three or four stoves per furnace are
required. To each furnace a dust catcher is generally applied.
This consists of a cylindrical casing about 20 feet diameter and
40 feet high with a conical bottom, lined throughout with fire-
brick, and having an arrangement of internal cones and baffle
plates to effect & sudden change in the direction of flow of the gas.
This causes the particles of dust to fall down to the bottom of
the hopper, in which there is a dust outlet valve of bell type
communicating with a telescope tube, so that the dust may be
discharged directly into wagons.

Blast Engines are usually of the vertical direct-acting type,
and the air or blowing cylinder of 80 to 100 inches diameter is
placed vertically below the steam cylinder, which has a diameter
of 86 to 44 inches, the stroke being about 5 feet. The arrange-
ment is clearly shown in Fig. 8, which represents an engine of
this type constructed by the Lilleshall Co., Ltd., of Oakengates,
Shropshire. The steam and air pistons are on one rod, and from
the crosshead, motion is taken by connecting rod to the crank-
shaft, the latter being arranged to carry a heavy fly wheel on
each side of the engine.

In the covers or heads of the blowing cylinder, flap valves of
leather, or ‘disc valves of indiarubber are fitted, one set for
suction and another for delivery at each end of the cylinder.
Flat gridiron valves mechanically operated by suitable gear from
the main shaft have also been employed.

: Compound engmes are occasionally used, but as a rule
preference is given to the single-cylinder type on the score of
simplicity and reliability. This is of paramount importance, as
a blowing engine is required to work continuously day and night
for a long period. Internal combustion engines, working
directly with waste gas from the blast furnaces, have recently
been adopted with success ; in some instances, however, they have
not proved uniformly reliable, and trouble has been experienced
with the dust and impurities in the gases, necessitating frequent
stoppage for cleaning, etc. A method promising good results
would seem to be the utilisation of the exhaust steam from steam
engines by low pressure turbines generating electric current at
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high voltage for distribation throughout the works. It has been
estimated that at least 1,000 h.p. from each furnace in blast might
be made available in this way.

Formerly, all the furnaces were blown from one set of engines

F1G. 9.—The Aumond Blast Furnace Charger, Barrow Steel Works.

-
3
]

on the same main. According to recent practice, one blowing
engine is provided for each furnace, and further, each furnace
may have its own blast main, so arranged that any engine may
be used for any furnace. Depending upon the height of furnace
and rate of working, the blast pressure varies from 83 to 7 Ibs.
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per square inch in ordinary practice, up to 12 or even 20 lbs.
per square inch on the American plan, and each engine may
have a capacity of from 20,000 to 80,000 cubic feet per
minute.

Air and Gas Mains.—The cold blast main is usually about 18
inches diameter, but it is necessary to increase the size of the
hot blast main from the stoves to the furnace on account of the
high temperature, and an outside diameter of from 8 to 4 feet is
not uncommon, the pipe being lined with 9-inch thickness of
firebrick. The gas main from the dust catcher has a diameter
of 6 or 7 feet, and is lined with 4}-inch brickwork. It is pro-
vided with expansion joints at every 10 or 12 yards, and
frequently a bell and hopper arrangement, with a telescopic
chute below for the removal of dust, is fixed at intervals of 6
yards.

Lifts and Elevators.—The charge of ore, flux, and fuel is
raised to the top of the furnace sometimes by perpendicular
lifts (Fig. 10), but now more usually by an inclined hoist (Fig. 4).
With the increased output demanded in recent years, the old
method of charging by means of hand-barrows has become
obsolete, and when it is considered that for every 1,000 tons of
iron produced, some 3,500 tons of material must be charged into
the furnace, it will be readily understood that some system of
automatic charging becomes indispensable. In the skip or
bucket system, the ore and fuel in proper proportions are tipped
into tubs or skips, each of which can hold about 120 cubic feet.
Fig. 9 shows the Aumond charger erected at the works of the
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness, by the firm
of Demag, of Duisburg, Germany. The skips are run up an
inclined plane or skipway inclined at about 70° with the hori-
zontal, by means of steam power, or an electric winding engine.
Arrived at the top, the skip, which is of cylindrical form, and
provided with a cone-shaped drop bottom, is lowered bodily
into the furnace mouth and the bottom dropped automatically,
thus allowing the charge to slide evenly into the furnace. A
self-acting arrangement is provided at the top and bottom of
the lift to prevent over-winding, and to bring the empty skip
quietly to rest at the bottom. No workmen are required at the
furnace top, except for oiling or repairs.

The Charge.—The relative proportion of the materials com-
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posing the charge varies with the nature of the ore and of the
fuel, and also of the pig-iron to be produced. @ With red
hematite, 40 cwts. of ore, 20 cwts. of coke, and 8 cwts. of lime-
stone are required to make 1 ton of pig iron. With clay iron-
stone, 48 cwts. of calcined ore, 20 cwts. of coke, and 12 cwts. of
limestone are necessary for the production of 1 ton of grey foundry
pig. The coke should be hard and compact, and able to resist
crushing, and it is important that it should be free from sulphur.
The ore, fuel, and limestone, are each weighed out separately,
and the charge is introduced into the furnace in layers so as to
keep a fairly constant level at what is known as the stock line.
When in full blast, the bell is lowered every ten or fifteen
minutes to admit a fresh charge. From eight to forty-eight
hours is occupied by the material in making the complete descent
of the furnace, depending on the nature of the ore and the
quality of the iron produced. The make or yield of a furnace is
usually 400 or 500 tons per week, but with larger furnaces and
the modern system of hard driving, an output of from 1,500 to
2,000 tons per week has been reached.

Working of the Furnace.—A modern blast furnace plant,
erected at the Redbourne Hill Iron and Coal Co.’s Works, Frod-
ingham, Lincolnshire, by Messrs. Head, Wrightson & Co., Ltd., of
Thornaby-on-Tees, and embodying the features already alluded
to, is shown in the photograph, Fig. 10. The molten metal is
allowed to accumulate until the hearth is full, and the furnace is
tapped at intervals of from six to twelve hours, by driving an iron
bar through the clay stopping of the tap hole, the blast being
turned off meanwhile. The metal then flows along a channel to
the sand or pig bed, clearly seen in the figure, which has a gradual
slope from the furnace. Leading from the main channel at right
angles are formed a number of lateral branches or feeders,
termed sows, from each of which again runs a series of parallel
farrows of semi-cylindrical section, known as pigs. The molten
metal is allowed to run into the lowest sow first, and then into
each of the others in succession, the stream being deflected in the
proper direction by means of stops of sand placed against a spade
driven down into the channel where required. When all the metal
has been run off from the hearth, the tapping hole is * stopped,”
and the blast again turned on. As soon as solidifieation has taken
place, the pigs, which are about 8 feet long and 8 or 4 inches
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F1Gg. 10.—Blast Furnace Plant at Redbourne Hill Ironworks, Lincolnshire.

wide, are broken off with a heavy hammer and removed by
manual labour. Pig iron casting machines are also in use, in
which iron moulds carried on an endless chain are caused to
move slowly past the mouth of the channel leading from the
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tapping hole. The metal golidifies during the passage, which
occupies about ten minutes, and is turned out of the mould into
a truck as the chain commences its return journey. If intended
for subsequent conversion. into steel, the iron is not cast into
pigs, but is run into a ladle carried on a bogie, on.which it is
transported to a metal mizer, to be distributed to the Bessemer
converters or steel furnaces as required.

Slag.—The slag is allowed to run continuously from the
farnace, either into small iron wagons or slag tubs, see Fig. 10, or
into water. In the former case, it solidifies into blocks in a
convenient form for transport to the tip or cinder heap. Sudden
cooling in water reduces slag to the condition of coarse sand,
which has been used for making bricks or concrete. Many
attempts, more or less successful, have been made to utilise slag
in the form of road metal, railway ballast, paving blocks, ete., or
for the manufacture of Portland cement. The quantity produced,
amounting to from 10 to 30 ewts. for every ton of iron made, is,
however, 8o enormous, that its general utilisation would appear
to be an exceedingly difficult matter.

Blast Furnace Gas.—This is always utilised to a greater or
less extent, but the quantity produced is truly enormous,
amounting to from 5 or 6 tons in weight for each ton of pig
iron made. About 30 per cent. by volume of the gas is com-
bustible, the average composition at the throat of the furnace
when fired with coke being as follows :—

Per cent. by volume.

Nitrogen . . . . . . . b8
Carbonic oxide . . . . . 28
Carbonic acid gas . . . . .11
Hydrogep . . . . . .2
Marsh gas . . . . . o1

A comparatively small portion of the gas, probably not more
than 14 per cent., is used for heating the blast, and occasionally
a further quantity for steam raising. There is, however, much
more than is needed for these and similar purposes, and it is not
surprising that after every requirement of the ironworks and
even the collieries in connection has been satisfied, proposals
should have been made with the object of utilising the large

quantity remaining, for the purpose of supplying, by means of
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large gas engines, electric light and power to the district adjoin-
ing. It is safe to say that not less than 25 per cent. of
the total heat developed in the average blast furnace, which
represents about 10,000 horse-power, might be made available
in this way.



CHAPTER 1IV.
PIG IRON.

Pig Iron may be described as a compound of iron with carbon,
silicon, sulphur, phosphorus, and manganese. The essential
feature is the presence of from 2 to 43 per cent. of carbon, which
exists in two distinct forms, partly in solution or combined, and
partly distributed throughout the mass in the form of graphitic,
or uncombined, carbon. According to the relative proportion of

F1a. 11.—Fractures of Pig Iron.

the two forms present, cast iron is classed in three varieties, grey,
mottled, and white (Fig. 11). In commerce, pig iron is usually
distinguished by numbers, ranging from 1 to 6, or even 8, the
highest number being the cheapest. There is, unfortunately, no
standard in use by means of which the various grades may be
determined, the colour and general appearance of the fractured
surface being the only guide.
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No. 1 pig iron shows a highly crystalline fracture, the crystals
being large and evenly distributed. It is very dark grey in
colour, due to the large, lustrous flakes of graphite which are easily
distinguishable on the fractured surface with the naked eye. The
carbon, usually about 3 to 8% per cent., is therefore almost entirely
in the graphitic or uncombined form, the combined carbon not
exceeding 0'3 per cent. The iron is very fluid when melted, and
makes very fine and sharp castings suitable for ornamental
work. The pig emits a dull leaden sound when.broken, denoting
a deficiency in strength and hardness. Unless mixed with scrap,
or. with other numbers, it is not suitable for engineers’
castings. : '

No. 2 is lighter in colour, and is harder and stronger than
No. 1, but does not run so fluid when melted. The combined
carbon does not exceed 0°4 per cent.

No. 8 is again lighter in colour, due to the fact that the graphite
is present in much smaller flakes, not readily distinguishable,
and the crystals are also smaller, the fracture being smoother,
more regular and compact. The carbon content is less than
Nos. 1 and 2, the amount combined not exceeding about 06 per
cent., and the metal is less fluid when melted, but it possesses
much greater tenacity and hardness. If is, therefore, the most
extensively used for foundry purposes.

No. 4 is still lighter in colour, and of finer grain. The flakes
of graphite are scarcely discernible, and the combined carbon is
now equal to 0°9 per cent. It possesses great tenacity and hard-
ness, and can only be used alone for rough castings which do not
require machining, but it is useful for mixing with lower numbers.
There are two varieties of No.-4, described as No. 4 foundry
and No. 4 forge respectively. The latter is almost white in colour,
and is too hard for foundry work, being used solely for conversion
into wrought iron in the puddling furnace.

Nos. 1 to 4 are classified as “ grey” irons, and are the only
grades in regular demand for foundry purposes.

No. 6 is known as ‘“‘ mottled” iron, its fracture resembling a
matrix of white iron interspersed with spots of grey. The carbon

_i8 contained in both the free and uncombined forms, and in very
nearly equal proportions. For castings of exceptional hardness,
as required for engine cylinders, a small quantity of mottled iron
may be added to the mixture.




PIG IRON. 83

No. 6 is “white” iron, which is extremely hard and brittle.
The fracture is close-grained, and is almost devoid of separated
graphite. The carbon is almost entirely combined, only a trace
being present in the form of graphite. It melts at a lower
temperature than grey iron, but before fusion, passes through a
viscous or pasty condition, of which advantage is taken in the
puddling process. It does not become sufficiently fluid to cast
well, and is totally unsuitable for the foundry, being used only for
the production of wrought iron. All grades above No. 6 are
distinctly forge pigs.

Typical Analyses of Pig Iron.

Grey. Mottled.| White.
Constituent. No. 4 No. 4
No. 1. | No. 2. | No. 3. | Foun- Fcﬁ: e
dry. ge.

Graphitic Carbon | 3-50| 3-35| 3-20| 3-00| 2-85| 190 | Nil.
Combined Carbon | 0-15| 0-20| 0-25| 0-30| 035| 1:35| 3'10

Total Carbon .| 365| 3-565| 845| 3-30| 3820 3-25| 310
Silicon . .| 285| 260 240| 2-10| 175| 1-10| 096
Manganese . .| 1-80( 1-25| 1-20| 1-10| 105 065 0-50
Sulpbur . .| 003| 004| 0:04| 004 005| 020 030

Phosphorus .| 060 065 070| 080 090 095| 090

Iron . . . 19157 | 91-91 | 9221 | 92:66 | 93-05 | 93-85 |94-24

It will be noticed that the combined carbon increases as the
numbers rise, the graphitic decreasing in a corresponding ratio
Silicon diminishes from No. 1 grey to white, the usual propor-
tion for foundry purposes being from 2 to 23 per cent.
Manganese, sulphur, and phosphorus remain fairly constant
throughout the grey numbers, the two latter showing some
tendency to rise. These gradations in chemical composition are,
however, not always regular, and may vary from time to time for
the same brand.

Impurities in Pig Iron.—Carbon and silicon may be looked
upon as essential constituents of pigiron, and are usually present

M.T. ' D



84 MECHANICAL TECHNOLOGY.

to aconsiderable extent, whereas manganese, sulphur, phosphorus
and occasionally other elements oceur in very small proportions,
and are, strictly speaking, impurities, imparting more or less
undesirable properties.

Silicon is almost invariably present, in quantity varying from
about 1 per cent. a8 a minimum to as much as 85 per cent. or
even more. The introduction of silicon in small quantities has
a tendency to transform the combined into graphitic carbon,
rendering the metal softer. On the other hand, with from 5 to 10
per cent. of silicon, the iron becomes extremely hard and brittle,
breaking with a glass-like fracture, from which the name of
glazy pig is derived. Bilicon also tends to reduce the absorption
of sulphur by pig iron. Hence white iron, which contains much
less silicon than grey iron, has usually a larger percentage of
sulphur. ’

Sulphur appears to act in exactly the opposite manner to silicon,
converting the carbon into the combined condition, and rendering
the metal white, hard, and brittle. A very small proportion of
sulphur, as low perhaps as 0°05 per cent., will cause the iron to
be quite unsuitable for subsequent conversion into steel. The
quantity of sulphur present in pig iron does not often exceed 015
per cent., but its presence makes the metal flow sluggishly when
melted.

Phosphorus is nearly always found in pig iron, in amount
varying from a trace up to 2 or 8 per cent. It increases the
fluidity of the metal, and for fine castings where strength is not
the primary consideration, its presence in moderate amount, up to
about 1°0 per cent. is decidedly advantageous. With proportions
exceeding 0'5 per cent. the tensile strength of the iron is reduced.

Manganese, by increasing the power of the iron to combine
with carbon, tends to make pig iron white and brittle. Its pre-
sence assists in getting rid of sulphur, or rather in preventing
the sulphur present from passing into the iron. Two varieties
of pig iron very rich in manganese are manufactured for use in
steel making. One containing from 10 to 25 per cent. of manga-
nese is known as spiegelcisen, and the other containing 70 to 80
per cent. of manganese together with 6 or 7 per cent. of carbon,
is termed ferromanganese.



CHAPTER V.
WROUGHT IRON.

The Production of Wrought or Malleable Iron.—The only
process of any importance in use at the present time for the
production of wrought iron is known as the indirect method,
because pig iron must first be obtained by smelting iron ore in
the blast furnace, and has then to be decarburised in the puddling
Jurnace to effect its conversion into wrought iron. Pig iron for
this purpose is first subjected to a preliminary process of refining,
the object being to effect as completely as possible the removal
of the silicon, together with the greater part of the phosphorus,
and to convert the graphitic into combined carbon. In this way,
the grey iron is first converted into white, the latter alone being
suitable for use in puddling. White iron when near its melting
temperature assumes a pasty condition, which readily permits
the oxidising action of the oxygen of the air to take place. Grey
pig iron in melting passes at once from the solid to the liquid
state, and when fluid, is immediately covered with slag, which,
floating upon the surface, effectually prevents the oxidising
influence of the blast being felt. The removal of the carbon by
oxidation cannot therefore take place until the graphitic has
been converted into combined carbon, or until the grey iron has
been transformed into white. At the works producing ¢ best
Yorkshire iron,” of which Low Moor is the best known, great
importance is attached to the refining process. The author is
indebted to Mr. H. B. Woodcock, forge manager, Low Moor
Ironworks, for the drawings and photographs of the refinery
and puddling furnace here presented. - The refinery, shown in
the drawing, Fig. 12, and in the photograph, Fig. 18, consists of a
rectangular hearth about 4 feet square and 18 inches deep, three
sides of which are formed of water-cooled cast iron boxes a, the
front being an iron dam-plate b, through which the tap-hole ¢
passes. The bottom of the hearth consists of a layer of sand
about 12 inches thick. A framework of cast iron d, supports a low

D 2
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F16. 12.—Refinery, Low Moor Ironworks.
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brick chimney e, 16 feet high, immediately over the hearth, and
a!so serves to carry two water-cooled tuyeres, f,f, of 1} inches
dismeter, placed on one side of the fire and inclined downwards

F1G. 13.—Refinery, Low Moor Ironworks,

I

at an angle of 30°. The blast is supplied at a pressure of
about 2 lbs. per square inch, and is directed upon the surface of
the molten metal so as to produce a constant oxidising action.
A coke fire having been lighted and the blast turned on, the
charge of about 80 cwts. of pig iron is put on in layers alternating



88 MECHANICAL TECHNOLOGY.

with coke. More fuel is piled all round and on the top, and the
full blast allowed to act from one and a half to two hours.
When the operation is judged to be complete, both metal and slag
are tapped out into a long cast iron trough, or pig-mould g, about-
2 feet wide by 6 feet long. The slag, which is very rich in
iron, floats upon the surface, and is run off into moulds, leaving
a plate of metal about 3} inches thick, upon which water is sprayed
to facilitate rapid cooling. The slab thus becomes very brittle,
and is easily broken into pieces of suitable size for introduction
into the puddling furnace. The slab on being broken exhibits a
bright silvery-white fracture and is known as refined iron. The
most striking feature is the almost entire removal of the silicon,
as shown by the following : —

Analyses of the Original Cold Blast Pig Iron and t.he
Refined Metal produced from it.

I Constituent. In Original Pig. In Refined Iron.
Carbon—graphitic . . 2-90 per cent. —
Carbon—combined . . 060 ,, 3:50 per cent.
Silicon . . . . 150 ,, 030
Sulphur . . . . 0-20 " 0-05 "
Phosphorus . . . 050 " 013 "
Manganese . . . 0-50 ' —_—

Puddling is in reality a continuation of the operations occurring
in the refinery, carried out upon the hearth of a reverberatory
furnace, the object being to permit the use of coal or coke as fuel
by burning it out of contact with the iron. In this way the
possibility that sulphur, which is almost always present in the
fuel, may find its way into the finished product is largely avoided.
The original process introduced by Henry Cort in 1784, and still
employed at the Low Moor Works, makes use of white iron, which,
as already noted, does not become actually fluid. The method,
which depends entirely upon' the oxidising effect of the oxygen of
the air, is, therefore, known as dry puddling, in contradistinction
to the process of wet puddling or pig-boiling, in which grey un-
refined iron is melted in contact with materials rich in oxygen,
such as hematite, forge scale, oxide of iron, etc., and which
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themgelves supply the oxygen necessary for decarbonisation.
The puddling furnace, Figs. 14 and 15, consists of two distinct

A

F16. 14.—Puddling Furnace, Low Moor Ironworks.

parts, the fireplace or grate a, and the working hearth b, with a
low flat arched roof covering both, and sloping down towards
the flue leading into the chimney or stack ¢, which has a height
of about 40 feet. A damper at the top of the stack, operated by



40 MECHANICAL TECHNOLOGY.

lever and chain, is provided for the purpose of adjusting the
draught as may be required during the working of the fur-
nace. The furnace is built entirely of firebrick, the walls being

F16. 15.—Puddling Furnace, Low Moor Ironworks.

encased with cast iron]plates, or buckstaves, secured together with
tie rods. The hearth is about 6 feet long, and 8 feet 6 inches
wide, tapered towards the ends. The bottom is in the form of a
tray, and consists of cast iron plates arranged so as to afford
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a free circulation of air beneath and around them. The fire and
flue bridges d and e respectively are hollow cast iron bars encased
in firebrick and kept cool by air circulating through them. The
working door f in front, constructed of firebrick in an iron frame,

F1G. 16.—Shingling Hammer.

is suspended by a chain from the end of a counterbalanced lever,
and is only opened when the charge is introduced, or the puddled
ball withdrawn. The stirring and working of the charge is
effected by means of a long iron rod or rabble, inserted through
the stopper-hole g, in the bottom of the door. The working bed
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or furnace bottom was formerly a lining of sand, but it is now
usual to employ a covering of oxide of iron or hammer scale
about 1} inches in thickness. The charge of refined iron, weigh-
ing about 8 cwts., is first placed in a heating chamber at the
chimney end of the furnace, known as the dandy, h, and when
red hot is removed to the hearth, where it is ranged round the
sides, leaving the centre open. After about twenty-five minutes
the metal begins to soften, and when in a pasty condition, it is
drawn towards the centre and is stirred or rabbled continuously
for about an hour. During this time the carbon and other
impurities are oxidised by being brought constantly into contact
with the oxygen of the air, the carbonic oxide liberated burning
in jets of blue flame known as ‘‘ puddler’s candles.” At this
stage, the slag begins to sink or ‘drop,” and granules of
malleable iron in the form of bright spots gradually increasing
in size appear on the surface of the metal as it “comes to
nature.” The balling up of the charge then commences by
working together the spongy mass of malleable iron and collect-
ing it into three or four puddled balls weighing from 90 to 100 lbs.
each. The puddled ball is a spongy mass of malleable iron, the
pores of which are filled with slag. It is therefore removed on
an iron bogie to the shingling hammer, Fig. 16, which expels the
slag or shingle, and welds the particles of iron together into a
puddled bloom or noblin 10 or 12 inches square and about
2 inches thick. These are broken, and the fracture examined,
the slabs being classified according to the purpose for which they
are to be utilised. For bars, the harder and more crystalline
varieties are chosen, whilst for rivets, plates, ete., softer and
more fibrous slabs are selected. The noblins are piled one on
the other not exceeding four high, and are re-heated and welded
under the steam hammer into rectangular billets, which are
re-heated and rolled down into bars or plates.

At Low Moor, for making chain or rivet iron, the noblins are
taken to the re-heating furnace, heated and hammered twice,
and rolled down in the mill into faggots, which are then cut into
convenient lengths for re-piling. The piles so obtained are
again raised to a welding heat, and hammered twice or three
times, and finally rolled into bars of the required size. Exactly
the same process is applied in slab making for boiler plates, with
the exception that the faggots are cross piled, go that the grain
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of the iron may run fairly equally in both directions of the
finished plate. _

The ““ best Yorkshire’ ironworks—viz., Low Moor, Farnley,
Monkbridge, and Taylor’s,—produce one variety only, the
greatest care being taken to maintain a constantly uniform
quality. In Staffordshire and other ironmaking centres, several
grades are turned out from the same works, of which the
commonest, known as ‘‘ crown” or merchant, is once piled and
re-heated. This is followed by * best,” which has received an.
additional piling and re-heating, ‘‘best best’ which has been
twice so treated, and “treble best,” which has undergone the
process three times. The repeated hammering, rolling, and work-
ing of wrought iron much increases its strength and duetility, and

F1G. 17.—Fracture of Low Moor Iron, showing * fibre.”

develops its fibrous character. It is true that the fibre, Fig. 17,
is due to the presence of slag which has not been completely
expelled during the shingling process, and which is subsequently
broken up and distributed throughout the iron in the form of
innumerable fine filaments running in the direction of rolling.
Fibre cannot be regarded as an indication of strength, being due
to the presence of a substance weaker than iron. It may, how-
ever, be asserted that fibre does denote quality, because it affords
evidence that the iron has been worked to such an extent as to
distribute the slag uniformly throughout the metal. In this
sense & rod of wrought iron may be likened to a bundle of
exceedingly fine wires which have been welded together, the
small interstices being partially filled with slag. It is frequently
asserted that wrought iron will withstand corrosive action due to
atmospheric influences, etc., for a greater length of time than
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Fr16. 18.—Puddle Rolls or Forge Train.

the more homogeneous
mild steel. The ex-
planation may be due
to the fact that each
fibre of wrought iron
is surrounded by a
protective covering of
glass-like slag, which
must first be broken
down before the metal
is attacked, whereas in
the case of steel a fresh
surface of the metal
itself is constantly ex-
posed as the oxide or
rust formed fulls off
by expansion and con-
traction.

The Forge and the
Mill.—By the “ forge
is understood that por-
tion of the works in
which are situated the
puddling furnaces, and
the machinery em-
ployed in the produec-
tion of the puddled bar.
The latter operation
comprises two distinct
processes :—(1) Shing-
ling, to expel the slag
or cinder and consoli-
date the spongy mass
of iron received from
the puddling furnace
into a rectangular slab
or ‘“bloom,” and (2)
rolling, to convert the
bloom into a * puddled
bar” about 15 feet
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long, 8 or 4 inches wide, and § inch thick, suitable for sub-
sequent reduction into bars or plates. Shingling is effected
by means of blows from a hammer, or by direct compression
in some form of mechanical squeezer. The latter is, however,
not so effective as the steam hammer (for deseription see
p. 41), which is now generally employed. The blooms pro-
duced in this way are passed forward, without re-heating,
to the puddle rolls or forge train, which usually consists
of two pairs of cast iron rolls about 18 inches diameter

D
787,
70N A

F1a. 19.—Housing for Rolling Mill.

and from 4 to 5 feet long, arranged in one line, and driven
directly by means of a steam engine. The roughing or cogging
rolls are, as a rule, placed on the left and are provided with a
series of gothic or diamond-shaped grooves of diminishing
depth, the surface of the grooves being notched or indented to
give a better hold upon the bloom. The author is indebted to
Messrs. Akrill, Ltd., of West Bromwich, for the drawing, Fig. 18,
of a forge train of their manufacture. The flange coupling, A,
connects to the steam engine, from which the rolls, E, are driven
through a pair of double-helical pinions contained in the housing
or casing, B. The connection between the lower pinion and the
engine, and also between the pinions and the rolls, and between
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the rolls themselves, is made by means of breaking-spindles,
C, and coupling boxes or wobblers, D, as shown in detail in
Fig. 484, p. 566. This is in reality a safety device, the spindles
being designed to break first should any sudden or unusual resist-
ance be encountered in rolling, and fracture of the rolls themselves
is thus avoided. The ends of the rolls are turned down to form
necks, which run in brass bearings in massive cast iron standards
or housings, F, shown in detail in Fig. 19. Large setting
down screws, &, operated by hand, and working through nuts
fixed in the top of the housings, regulate the position of the
upper bearings and enable the distance between the rolls to be
adjusted. The finishing rolls on the right of the forge train
resemble the roughing rolls except in the form of the grooves,
which are rectangular or flat, diminishing in size towards the right.
The bloom received from the shingling hammer is first inserted
in the largest groove of the roughing rolls, and is passed through
all the grooves in regular succession, being returned over the top
of the upper roll after each pass. The puddled bar shows a
crystalline fracture, with some appearance of lamination, due to
the contained slag, which has not yet been uniformly distributed
throughout the mass. In this form it is sent to the Mill, which
comprises that section of the works where the puddled bar is cut
up, piled, re-heated, and rolled out into various sections of
“ merchant "’ iron. The puddled bar is cropped or cut up in a
shearing machine into pieces of from 1 to 4 feet long, depending
upon the purpose for which it is intended. These pieces are
arranged in alternate layers at right angles to form a rectangu-
lar pile or faggot from 4 to 12 inches square, which is
raised to a welding heat in a balling or re-heating furnace, now
usually fired by gas and provided with a regenerator, of the type
shown in Figs. 299 and 800. Some oxidation takes place during
heating, the oxide formed combining with the sand bottom of the
furnace to produce a slag, known as mill-furnace slag, which flows
to the bottom of the flue and is removed occasionally as required.
When the welding temperature is reached, the pile is removed
from the furnace on an iron bogie, or by means of tongs
supported from an overhead run-way, and is taken to the mill-
train for rolling into merchant iron. A good example constructed
by Messrs. T. Perry & Son, Ltd., of Bilston, is shown in the
. photograph, Fig. 20. This, as in the case of the forge train,




consists of two sets
of rolls, the rough-
ing rolls, in which
the pile is first
“ cogged down ”’ or
reduced, and the
Jfinishing rolls, in
which it is con-
verted into the form
of section required.
The housings and
bearings in which
the rolls run are
similar to those of
the puddle train,
and the two sets
are connected to-
gether and to the
engine in the same
manner. The
bottom roll is pro-
vided with a strip-
ping plate (see Fig.
4385, page 566) one
edge of which is
carried upon a bar
fixed to the end
frames, the other
edge resting upon
the roll itself, and
having suitable
teeth or projections
fitting into the
various grooves.
Any tendency to
stick in the groove
is thus overcome,
and the possibility
of the bar wrap-
ping round the

WROUGHT IRON.
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#1G. 20.—Mill Rolls, or Mill Train.
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F16. 21.—Bar Mill, or Guide Train.

bottom roll, or * collaring,” as it is
termed, is prevented. A fore-plate
fitted with guide jaws for guiding the
bar straight into the rolls is provided
when rolling very light sections,
which when hot, would otherwise be
liable to bend and twist. This
arrangement is seen applied to the
small rolls on the right of the figure.
The train so arranged is known as a
guide train, and the product is spoken
of a8 guide iron. The details of con-
struction are clearly shown in the
drawing, Fig. 21, which represents a
bar mill or guide train made by
Messrs. Akrill, Ltd., of West Brom-
wich. The first and second roughing
rolls are seen at A and B respectively,
and the guide rolls at C and D. The
rolls are driven through double
helical pinions contained in the
enclosed housing, E, by means of
coupling spindles, F. The guide
rolls, C, are provided with oval
grooves and the oval section pro-
duced passes through the guide jaws,
G, into the round groove of the
finishing rolls, D. The rolls shown
at B are for flats, and when working
on rounds these would be taken out,
and another set with oval and
diamond-shaped grooves substituted.
The whole mill stands on a heavy
girder section bed, of the same type
as shown in Fig. 19. With two high
rolls, still frequently employed, the
work is returned over the top roll
after each pass (see p. 566). This
results in & great loss of time and
labour, and as no work is done during
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the return, the metal is allowed to cool down to no purpose.
Two methods have been proposed to overcome the difficulty :
(1) By the adopfion of three high rolls, as in Fig. 20; and (2) by

FiG. 22.—Plate Mill, Low Moor Ironworks.

reversing the rolls after each pass. Three high rolls are often
used not only for light work, such as hoop or guide iron, but are
now being adopted for heavier sections, such as rails, girders, etc.
Roughing and finishing sets are provided in each train, each

X.T. E
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consisting of three rolls placed one above the other, the middle
roll being driven from the engine, and the others geared to it.
After passing in one direction through the middle and bottom
rolls, the bar is returned through the next groove between the
middle and upper rolls. In a reversing mill the direction of
rotation may be reversed either by means of some form of clutch
operating alternately a direct and an intermediate gear drive
from a continuously rotating engine, or the engine itself may
be reversed, on the plan first introduced by Ramsbottom. For a
plate mill, plain rolls are of course, employed, arranged as before
in pairs for roughing and finishing respectively. Fig. 22 is from

a photograph of the plate mill at Low Moor Ironworks, which is
" one of the largest in the country. The rolls are 32 inches
diameter, and 11 feet long. Roughing rolls are usually of grain
iron cast in sand, but those for finishing are chilled by casting in
iron moulds. The top roughing roll is counterbalanced by levers
and weights to permit the ready insertion of a bloom or slab of
from 8 to 6 inches in thickness. In the mill described, the top
finishing roll is driven through pinions, but, in some cases,
revolves merely by friction with the plate in passing through.
After each pass the distance between the rolls is reduced
by means of setting down screws acting upon the bearings
of the top roll. To enable both screws to be set down to
the same amount, the wheel keyed upon the end of each
screw is provided with a pointer moving round a notched or
graduated ring fixed on the housing. In some cases, the screws
are turned together by means of a shaft with bevel gearing, and
in many recent examples a self-acting motion, driven by a small
steam engine, or electric motor, is employed. With the large
extent of surface exposed in the case of a plate, it becomes most
important to avoid loss of time, and for this reason reversing
mills have been extensively adopted. The engine, which is
reversed each time the plate passes through the rolls, is fitted
with slotted link-motion reversing gear, moved by small auxiliary
steam cylinder and oil cataract. This is seen in the photograph
of the engine at Low Moor, Fig. 28, which has a pair of cylinders,
each 50 inches diameter, with a stroke of 5 feet, and is arranged
to run at a speed of 50 revolutions per minute. The valves are
of the piston type, 20 inches in diameter. This photograph, and
also that of the plate mill, have been kindly supplied by
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Mr. H. B. Woodcock, of Low Moor Ironworks. The reversing
lever, and a second lever which controls an equilibrium stop valve
in the main steam pipe, are placed outside the engine house, in

F1a. 23.—Reversing Plate Mill Engines, Low Moor Ironworks.

order that the man in charge may have the rolls constantly in

sight when in operation. Feeding gear, consisting of friction

rollers driven from the outer ends of the bottom roll, is fixed

both front and back to assist in passing the plate backwards and

forwards through the mill. On the front side, the end of the
E 2
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plate is received upon a bogie, which is run out to afford the
necessary support. In rolling plates, the slab is first passed
between the roughing rolls always in the same direction until
the required width is obtained, when it is turned at right angles
and again rolled to effect the necessary reduction in thickness.
The exact thickness is then given in the finishing rolls, the
surface of which being maintained hard and true, imparts also a
fine finish to the plate.

Consumption of Fuel in Iron-making.—To produce 1 ton of
best iron from the ore, including caleination, smelting, refining,
puddling, and re-heating, requires the consumption of about
4 tons of coal, the amount being increased to about 6 tons in the
case of treble best quality. The total loss of iron from the pig to
the merchant bar will average about 20 per cent. It will be seen
later that the consumption of fuel and the loss of metal are both
very much less in making steel.

Properties and Defects of Wrought Iron.—Wrought iron is
almost chemically pure iron, containing only very small pro-
portions of impurities, which, however, exercise & most important
influence on its properties. Its chief characteristic is that it con-
tains the smallest amount of carbon of any of the commercial
varieties of iron. The earbon, which does not exceed from 0°1 to
025 per cent., is present entirely in the combined form, and the
smaller the proportion the softer the iron will be. Wrought iron
is practically infusible and cannot be cast in a mould. At a
bright red heat, it may be hammered or rolled into various shapes,
the former operation being termed forging. Raised to a white
heat it becomes plastic, in which condition if two clean surfaces
are placed in contact and subjected to pressure by hammering,
they will unite or weld together, forming a perfect joint.
Wrought iron does not harden when heated to redness and
suddenly cooled by quenching in water. It ranks as one of the
most ductile metals, and it may be drawn into very fine wire, or
rolled out into sheets of extraordinary thinness. The presence
of a small amount of phosphorus is very injurious, 0-25 per cent.
sufficing to render the iron cold short, that is, the metal may be
quite malleable and easily worked ata red keat, but is brittle and
liable to crack when cold. Sulphur has the opposite effect, and
it is most important that it should be excluded. As low a pro-
portion as 0°08 per cent. causes decided red shortness, the iron



WROUGHT IRON. 58

becoming brittle and unforgeable at a red heat, although possess-
ing the usual properties when cold. Silicon is often present in

F1G. 24. — Crystalline
Fracture of Wrought

Iron when broken ’
suddenly. F1q. 256.—Cold Bending Test for Wrought Iron.

small quantity, and tends to produce hardness and brittleness,
085 per cent. being sufficient to render the iron cold short and
deficient in strength. Hot or red shortness due to the presence

. 2

F1a. 26.—Drifting and “ Ram’s Horn" Tests for Wrought Iron.

of sulphur is perhaps the most potent defect which can exist
in wrought iron, and is fatal to safe welding or difficult forging.
1f required for any important purpose, wrought iron should
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F1G. 27.—“Ram’s Horn” Test for Plate.

F1a. 28.— Forge Tests for Rivets.
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be subjected to cold bending, and also to forge or smithing
tests. If a bar be nicked on one side with a chisel and bent over
cold, it should display a fibrous fracture as shown in Fig. 17.
The same quality round bar nicked all round and broken with a
blow from a hammer shows a crystalline fracture, Fig. 24, the
small size and appearance of the crystals being an indication of
quality. Bar iron either square or round from § to 1 inch thick,
if of best Yorkshire quality, may be bent cold close upon itself
without fracture, as in Fig. 25, and if from 1 to 8 inches thick
should bend to an inner radius = half thickness of bar without
fracture. As an example of a bend-
ing test, a knot may be tied on a
round bar 1 inch in diameter in the

cold state, but this cannot be con-
" sidered as a severe test of quality.
The same remark applies to a cold
bend on a round bar 2} inches ’
diameter, but a bend on a 2}-inch !
square bar, or on a bar 8 inches by
2 inches, which displays the curved
edges due to compression on the
inside of the bend, without showing
any sign of fracture on the outside,
can only be made with samples of
excellent quality.

Bars and plates of any thickness
may be bent and hammered close
when hot without any appearance of ~ [10- 29 Forge Test of Low
fracture. In the hot forge test
stipulated by the British Admiralty for wrought iron branded
“best best,” “a bar is punched with holes the diameter of
which is § the width of the bar, at distances of 1} and 8 dia-
meters from the end of the bar, the holes being at right angles to
each other. "The holes are then drifted out to 1} times the width
of the bar. The sides of the holes are then split, and the ends
must admit of being turned back without fracture.” The
distension produced by drifting a punched hole is a severe test of
quality. The so-called “ram’s horn” test, Fig. 26, of splitting
open the hole, and bending outwards the two sides, which in
addition have perhaps been previously twisted, has been modified
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in an endless variety of ways, and is recognised as a useful
proof of soundness. Fig 27 shows a “ram’s horn” test on a
piece of best Yorkshire iron plate by the Farnley Iron Co., Ltd., of
Leeds.

The ductility of rivet iron is well shown by the manner in
which it will endure flattening, as in Fig. 28. A very striking,
though somewhat unusual, test carried out on a Low Moor iron
rivet as shown in the photograph, Fig. 29, well displays the high

¥16. 30.—Forge Tests for Rolled Sections.

quality of the material. Angles, tees, channels, and other rolled
sections are similarly subjected to hot forge tests as suggested
in Fig. 80.

Analyses of Wrought Iron.

Constituent. Ordinary Merchant. Low Moor.
Carbon . . . . 01to 025 0-081
Silicon . . . . trace ,, 0-10 0-104
Manganese . . . trace ,, 025 trace
Phosphorus . . . 004 ,, 020 0041
Sulphur . . . . 002, 010 trace
Arsenic . . . . — 0-008
Iron . . . . . 991 ,, 997 99-766




CHAPTER VL

CLASSIFICATION AND METHODS OF MANUFACTURE OF
STEEL.

Deflnition of 8teel.—Chemically, ordinary steel is defined as
an alloy of iron with a small proportion of carbon, varying from
01 to 1-25 per cent. Other elements may be present to greater
or less extent, but are, strictly speaking, impurities. It has
become necessary to refer to this material as ‘ carbon ™ steel.
Small quantities of certain other metals, such as manganese,
gsilicon, nickel, chromium, tungsten, etc., may be alloyed with
iron and carbon, imparting valuable properties to the metal,
which is then known as manganese steel, nickel steel, etc.
Formerly, steel was defined as an alloy of the chemical element
iron with carbon, capable of being hardened by heating to red-
ness and then quenching in water, in which respect it was dis-
tinguished from wrought iron. At the present time, an enormous
quantity of steel is made containing not more than 0-2 per cent.
of carbon, and this material will not harden appreciably on
sudden cooling. To this product, the name of mild, or low carbon
steel has been given. With more carbon, say up to 0'5 per cent.,
a variety known as medium steel is obtained, which is suitable
for rails, tyres, etc., and which becomes perceptibly harder by
quenching in cold water. Beyond this, with carbon up to 1:25
per cent., hard or high carbon steel results, which possesses the
property of hardening and tempering in a marked degree, and is
suitable for tools, files, etc. The influence of carbon content on
the strength and ductility of steel is shown clearly in the diagram
Fig. 81. There is, however, no line of demarcation between
these varieties, which merge gradually one into the other. 8till,
all the numerous varieties of material now known as steel, have
one peculiarity which serves to distinguish them from both
wrought and cast iron. They are all produced in a molten con-
dition, and are at once cast into ingots, which are afterwards
rolled or hammered. Briefly, cast iron may be cast, but cannot
be forged; wrought iron may be forged, but cannot be cast;
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and steel in process of manufacture is cast, and afterwards
may be forged. The melting point depends upon the pro-
portion of carbon present, ranging from 2500° F. for hard
steel to 2900° F. for the mildest varieties. If heated beyond
a certain temperature, steel assumes a friable condition, and
is known as “ burnt,” which results in permanent injury to
the metal. Hence steel must be worked at a lower temperature

INFLUENCE OF CARBON CONTENT ON THE
STRENGTH %DUCTILITY OF STEEL.

ULTIMATE TENSILE STRENGTH.
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than wrought iron, and greater care, especially in the case of the
harder varieties, must be exercised in its treatment. Mild steel
is easily forged when heated, and if the carbon content does not
exceed 0'8 per cent. it may be welded, although not so easily as
wrought iron, because the latter, on account of the higher tem-
perature at which it may be safely worked, becomes much softer
than steel. Indeed, the safe range of temperature for steel is
much narrower than for wrought iron, and welds cannot be
relied on with so much certainty. This explains why steel has
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not been able to take the place of wrought iron for chain making,
and why best Yorkshire iron is still preferred for difficult smith-
work where repeated heating may be necessary. The strength
and elasticity of mild steel exceeds that of the best wrought iron,
and much larger pieces in the form of forgings, bars, plates, rails,
etc., can now be produced, at one-half the price of best Yorkshire
iron. For structural purposes, as in bridgework, etc., where
smithing and welding are easily avoided, steel has entirely
displaced wrought iron. The superior ductility and flanging
properties of steel plates have rendered the use of wrought
iron for boiler-making obsolete, and in fact the thick plates
required for marine boilers of large diameter could not possibly
be produced in iron. On the other hand, experience seems to
have established the fact that best wrought iron is less suscep-
tible to ‘fatigue,” and to suddenly applied and oft-repeated
stresses, and is better able to resist continued percussive action.
Thus, in stationary engine practice, crank pins of Low Moor iron
have worked quite successfully for many years, where steel of the
highest quality has fractured repeatedly after running onmly a
few weeks. Steel is also seriously affected by such action as
shearing or punching. Steel plates should on no account be
punched, but must be drilled. The crushing stress exerted upon
the edge of a plate in shearing, is found to be much less pre-
judicial in the case of wrought iron than with steel. It is
dangerous to work steel at a blue or a black heat, the resulting
injury being much greater than if the steel had been strained
when cold. This property is known as ‘‘ blue shortness.” Steel
which has been injured by working at a blue heat may be
restored to its original condition by proper annealing. Similarly,
steel plates which have been punched, or subjected to local action
as in flanging, must afterwards be annealed. The annealing
furnace must allow of the entire piece or plate being heated at
one time to full redness, after which the article treated is allowed
to cool down gradually under a layer of ashes or other badly
conducting material.

Classification of Steel.—The different varieties of steel may be
very conveniently classified according to the process of manu-
facture. The dominant factor in the composition of steel is the
amount of carbon contained, and as in this respect steel occupies
a position intermediate between wrought iron and cast iron, it

PR
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will be readily understood that the methods employed for the
production of steel are based upon either (1) the addition of
carbon to wrought iron, or (2) the decarburisation of cast iron.
Another method is (8) by the direct reduction of the ore, but
although no doubt possible, this process is very uncertain and
impracticable, and is not at present in use. ~Grouped according
to the first two methods, it will be found that steel is being made
on a large scale at the present time by the following processes :—

(1) The Cementation Process, in which wrought iron bar is
heated for some time in contact with carbon. This is still the
most important, and practically the only method of producing
the “¢ crucible cast steel "’ used for cutting tools.

(2) The Bessemer Process, in which cast iron is decarburised
by blowing air through the molten metal.

(8) The Siemens Process, in which the decarburisation of cast
iron is effected by adding rich oxides in the form of iron ore to
the molten metal in an “ open-hearth” gas-fired furnace. In a
modified form, known as the Siemens-Martin process, pig iron
is melted with wrought iron scrap, no ore being added. On
account of the difficulty in obtaining wrought iron scrap at the
present time, this process is now no longer used. The termsg
“Siemens ” and “ Siemens-Martin ” are employed very loosely,
and are often understood to mean one and the same thing. The
“Siemens’’ is essentially the “pigand ore” process, the  Siemens-
Martin " being just as fundamentally that of ‘‘ pig and scrap.”
In either case, the furnace is always of the gas-fired Siemens
type, worked on the regenerative system. In the ordinary
Bessemer and Siemens processes, pig iron containing phosphorus
cannof be treated, on account of the acid nature of the siliceous
lining.

(4) The Basic, or Thomas-Gilchrist Process, in which the
Bessemer converter, or the Siemens open-hearth furnace, as the
case may be, is lined with basic material such as dolomite or
magnesite, to effect the removal of phosphorus.



CHAPTER VIL
CRUCIBLE CAST STEEL—CEMENTATION PROCESS.

The Cementation Process.—This is the oldest of all the com-
mercial processes of steel-making, and was first established in
Sheflield during the 18th century. Hammered bars of refined
Swedish iron, 8 inches wide, § inch thick, and from 8 to 10
feet long, are embedded in charcoal, and the air being excluded,
are kept at & yellow heat for a period of eight to ten days. The
converting or cementation furnace, Fig. 82, resembles a glass-
house furnace in external appearance, having a hovel or conical
chimney, A, about 40 feet high, inside which is a rectangular
chamber of firebrick, B, arched over at the top, and containing
two long troughs, or pots, C. The latter are built of firestones,
supported on narrow piers or benches of masonry or brickwork,
which are arranged to leave a series of flues, D, all round the
sides and ends of the pots. Running down the centre between
the pots is & narrow fireplace, E, having a firing door at each end.
A man-hole, F, is left at the end of the chamber, through which
the bars are charged into and withdrawn from the pots, the
opening being bricked up when the furnace is at work. The pots
are charged with about 20 tons of bar by first spreading a layer
of charcoal nibs, } inch deep, over the bottom, and upon this is
placed a layer of bars, leaving spaces } inch wide between them
to be filled with charcoal. Alternate layers of charcoal and bars
are introduced in this way until the pots are full, leaving a
covering of charcoal on the top. The whole is then luted over
with ¢ wheelswarf,” the material obtained from the slow wearing
away of grindstones, and which, under the action of the high
temperature, fuses and renders the pot air-tight. After lighting
the fire, the temperature is gradually got up in about & couple of
days to full redness, at which it is maintained for about a week,
until the process has gone sufficiently far. This is known by
withdrawing trial or tap bars left purposely so as to be accessible
from a small opening or tap-hole, G, in the end of each pot,
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which can be reached through an opening in the outer wall of
the furnace. The degree of carburisation can be judged from
the appearance of the fracture of the trial bar, the steel produced
being classified under six or seven numbers, or ‘tempers.”
No. 1 or ““ spring heat "’ containing 4 per cent. carbon, exhibits
an outer skin of steel surrounding a core of iron, called the

F1G. 32.—Cementation Furnace.

“sap.” In No. 8 or “single shear " heat, containing  per cent.
carbon, the fracture shows more steel on the outside, and less
iron in the centre, whilst in No. 4 or ‘ double shear” in which
the carbon has reached 1 per cent., the steel and sap are present
in about equal amounts, until in No. 5 or “steel through ” heat,
when the carbon has increased to 1} per cent., the sap has been
‘ killed,” and all traces of iron arelost. The desired ¢ temper ”
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having been reached, the fire is withdrawn, and the pots are
allowed to cool slowly, the operation of ‘‘drawing the heat,” as
it is termed, lasting about a week, so that the whole process
occupies about three weeks. When cool, the pots are opened,
and the surface of the bars which originally was quite smooth, is
found to have become very rough, and covered with blisters,

F1G. 33.—Crucible Cast Steel Melting House.

which, if of small size and uniformly distributed, indicate good
quality of metal. The bars of blister steel, as it is now called,
are broken into short lengths and sorted out according to the
fracture. To obtain greater homogeneity the pieces are piled, re-
heated, welded together, and drawn down under the hammer, the
product being known as single shear steel. This is again cut up,
re-heated, welded and drawn down into bars of double shear steel,
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which although fairly uniform in composition, is never quite
homogeneous and still contains impurities. These defects can
only be removed by fusion, or by melting the blister steel in
crucibles, the molten metal being poured or cast into iron moulds
to obtain sound and perfectly homogeneous ingots of crucible cast
steel. This process was introduced into Sheffield by Huntsman
in 1740, and is still in use with very little modification. The
melting holes, A, are simple air furnaces, Fig. 88, consisting of
a series of rectangular pits of brickwork arranged below the level
of the melting house floor, and along one side of the building.
The holes are lined with ganister or firebrick, brought up to an
oval shape and capable of holding two pots or crucibles, B, which
stand upon the grate bars, C, the ash pit, D, communicating with
the cellar or vault, E, formed beneath the floor. Each fire has
its own flue, F, leading into a chimney stack which is about
40 feet high, the draught being regulated by a damper controlling
an opening into the ashpit. The “ hole ” is covered with a square
quarry of firebrick, G, about 8 inches thick fixed in an iron frame
provided with a handle. The crucibles for melting steel are almost
invariably made of fireclay, although graphite has been used to
a limited extent. They are made by hand in cast iron moulds
from mixtures of fireclays obtained from the coal-measures, and
usually & special department of the works is constantly engaged
in their production. The crucibles are allowed to season for a
fortnight on shelves fixed round the sides of the melting house,
and before use, are slowly raised to redness in annealing ovens.
They are then placed each on a fireclay stool, about 4 inches
thick, resting on the grate bars in the melting holes, and a coke
fire is filled up level with the top. The charge of about 60 to
80 1bs. of blister steel cut up into small pieces is now introduced
by means of an iron funnel, the cover or lid, also of fireclay, is put
on, the fire made up to the top with coke, and the furnace closed.
The fire is usually made up three times, and the melting is com-
plete in three or four hours. It is important that the metal
should be ‘“dead melted ” or “killed ” before casting, i.e., it must
be heated for a sufficient length of time after fusion has actually
taken place, otherwise it will teem  fiery,” throwing off sparks,
and the ingots will be unsound or honeycombed. The metal
must also be ‘‘ skimmed” before teeming, the slag floating on
the top being removed by means of a ‘“ mop,” which is a lump
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of slag attached to the end of an iron bar. Gas furnaces on the
Siemens regenerative principle (to be described later) have been
employed for melting steel in crucibles, but although using much
less fuel, they have never met with extended use. The workman
who lifts the crucibles from the fire is known as the * puller-out.”
The * lifting out tongs ’ have half-round jaws which grasp the
belly of the crucible, and when the pot has been withdrawn, it is
seized by the * teemer,” by whom its contents are poured at once
into an ingot mould. The moulds are of cast iron, and are con-
structed in halves, held together by rings placed round them,
and tightened by keys or wedges. Just before using, the interior
of the mould is ““ reeked " or thickly coated with lampblack from
the smoky flame of burning coal tar or resin, to prevent the ingot
“ gticking.”

The changes which occur during the production of crucible
cast steel are shown in the following analyses : —

Swedish Blister Crucible

Bar Iron. Steel. Cast Steel.
Carbon . . . Per cent. Per cent. Per cent.
Silicon . . . 010 05 to 15 07 to 1'6
Manganese . . 0-03 0-03 0-12
Sulphur . . . Trace Trace 0-20
Phosphorus . . 0-008 0-003 0-005

0-02 0-02 0-02




CHAPTER VIII

THE BESSEMER, AND THE BASBSIC BESSEMER
PROCESSES.

The Bessemer Process.—In 1855, Sir Henry Bessemer
patented the method of producing steel by blowing air through
molten pig iron, whereby carbon, silicon, and manganese are
oxidised and burnt out, sufficient heat being developed by their
combustion to keep the metal in a fluid condition, so that finally
it may be cast directly into ingots. The operation is carried
out in a vessel termed the converter, Fig. 84, which consists of a
casing, A, of thick plates rivetted together, and fixed to a strong
cast steel frame or trunnion ring, B, at the centre. The trunnion
ring has two arms or frunnions supported in suitable bearings,
upon which the converter may be rotated. This is effected by
making one of the trunnions, C, solid, and fixing upon it a pinion,
D, which gears with a rack attached to a double-acting hydraulic
ram, E. The trunnion, F, on the opposite side is hollow, and
through it the blast is conducted down a flat pipe or * goose-
neck,” @, at the side of the converter to the blast box, H, at the
base. This forms a removable bottom, J, to the converter, to
which it is attached by bolts and cotterg. Fixed to the upper side
of the box is the guard plate, K, having 18 or 20 circular holes
spaced at equal distances apart to contain the cylindrical fireclay
tuyeres, L, which are about 2 feet long and are perforated longi-
tudinally with 16 or 18 holes five-sixteenths of an inch in diameter.
Through these the blast is introduced in small jets into the liquid
metal. The neck or throat, M, of the converter is fixed at an
angle of about 80° with the body, so that when the vessel is in
an upright position, as in Fig. 34 (a) and (b), the sparks and flame
discharged during the * blow ” are directed into an open chimney-
stack. The neck also serves the purpose of a spout when the
converter has been rotated into the horizontal position for pour-
ing the metal into the ladle as shown at(d). A hood is fixed above
the converter to receive the stream of sparks discharged during
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the passage from ‘the horizontal to the vertical position. The
converter is lined with refractory material, usually ganister, to
a thickness of 10 or 12 inches at the sides, and about 18 inches
at the bottom. Ganister is a highly siliceous sandstone found

*

F1G. 36.—Arrangement of Bessemer Plant.

below the coal measures in the neighbourhood of Sheffield. It
contains about 90 per cent. silica, and from this fact the process
is often spoken of as the acid process, and the product as acid
steel. The ganister is ground to a coarse powder, and is mixed
with sufficient water to render it plastic. It is then rammed
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in between the shell of the converter and a wooden core of
the same shape as the interior. As the bottom wears out much
more rapidly than the lining it is now always made detachable,
so that it may be easily removed when worn, and replaced in a
very short time. In preparing the bottom, wooden dummies of
the same size and shape as the tuyeres are inserted in the holes
of the bottom plate, and fluid ganister is well rammed between
them. The bottom having been dried, the dummies are removed,
and the tuyeres put in the holes left. The converter is now
generally made of 10 tons capacity, measuring 7 or 8 feet
diameter inside the lining, the body being about 10 feet high,
and the hood 5 or 6 feet in addition. What is known as a single
Bessemer plant, Fig. 85, as arranged on the British system, con-
sists of & pair of converters, A, A, placed on opposite sides of the
circumference of a circular casting pit, B, about 80 feet in diameter
and 8 feet below floor level. At the centre of the casting pit is
fixed vertically the cylinder of a hydraulic crane, C, the ram of
which carries a narrow platform or stage, composed of two hori-
gontal girders. At one end of the platform is the ladle, D
(of the type shown in section in Fig. 286, page 842), built up of
steel plates, and lined with ganister. The ladle is poured from a
fireclay nozzle or tap-hole in the bottom, the flow of the metal,
free from slag, being regulated by a fireclay stopper fixed upon
the end of an iron rod covered with a sleerve of fireclay. The
rod or swan’s-neck is bent over the top of the ladle, and connected
at the side to a lever, by means of which the stopper may be
raised or lowered. Mechanism is also provided for rotating the
ladle on trunnions, so that it may be turned over to empty out
slag, etc., into the slag pit. The ladle is counterbalanced by an
iron poise weight, E, at the opposite end of the platform, and is
capable of being raised or lowered by the hydraulic ram, or of
being rotated round the centre by means of gearing on the plat-
form of the crane. Arranged in a circle round the outer edge of
the casting pit are the ingot moulds, F, F, of cast iron, either of
octagonal or square form, tapering upwards. To permit of their
ready removal or * stripping ” from the ingots, as soon as the
latter are sufficiently solidified, the moulds are open top and
bottom, and stand on iron blocks. Two hydraulic cranes, G, G,
are placed at opposite corners of the casting pit for stripping the
moulds from the ingots and afterwards removing the ingots
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from the pit. The blowing engines are usually of the direct
acting horizontal type, arranged as a pair. The pressure at
which the air is supplied is from 20 to 25 lbs. per square inch,

F1G. 36.—Metal Mixer.

and must be sufficient to
overcome the head of
fluid metal in the con-
verter. The blast is used
cold, but the oxidation
which takes place, especi-
ally of the silicon in the
iron, produces a very
high temperature, which
is imparted to the con-
tents of the converter.
The molten pig iron from
the blast furnace is not
taken directly to the con-
verter, but a quantity of
from 150 to 250 tons is
kept constantly stored in
a large vessel termed a
metal mizer, Fig. 86,
which is lined with fire-
brick, and may be tilted
on rockers by means of a
hydraulic ram in order to
discharge a portion of its
contents into the ladle in
which it is transferred to
the converter. The use
of the mixer not only
ensures greater regularity
in the iron, especially if
supplied from several
blast furnaces, but it is

found that by allowmg the metal to stand for some time, the
percentage of sulphur present is much reduced, sulphide of
manganese being separated in the form of slag. In a works
not connected with a blast furnace, the pig iron is melted in

a cupola exactly as in the foundry.
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Method of Conduoting the * Blow.”—The converter, with its
lining previously raised to a red heat, is brought to the hori-
zontal position, and the charge of from 10 to 15 tons of molten
metal is introduced by means of a clay-lined trough entering the
mouth of the vessel. The shape of the converter is such that
when in the horizontal position it can hold the charge without
reaching the level of the tuyeres, Fig. 84 (¢). The blast is first
turned on, and the converter then raised to the vertical position,
Figs. 84 (a) and (b), the liquid metal being in this way prevented
from running into the tuyeres. Af first, a shower of sparks is
ejected from the mouth of the converter, but with very little flame,
and that of a faint yellowish-red colour. This lasts for three or
four minutes, and constitutes the first stage of the blow, com-
prising changes similar to those which ocour in the first part of
the puddling process, i.e., the graphitic carbon passes into the
combined form, and the silicon is oxidised to silica, which
combines with oxides of iron and manganese to form slag. The
temperature now rises very rapidly, and the flame hecomes larger
in volume, and more luminous, and finally of & brilliant dense
yellow colour. This is the second stage, or “ boil,” which lasts
about ten minutes, and is equivalent to the boiling stage
of the puddling process. The metal is now in a state of
violent agitation, due to the escape of large quantities of carbon
monoxide produced by the oxidisation of the carbon by the
blast. The pressure of the blast is now reduced, the intensity
and volume of the flame gradually giving place to & pale trans-
parent amethyst tint, with fewer sparks. The third, or *fining,”
stage, in which the remainder of the carbon and manganese is
removed, is now reached, and in about twenty minutes from the
commencement of the blow the flame suddenly “ drops,” indicat-
ing that the decarburisation of the charge is complete. The
converter is at once turned down to the horizontal position, and
the blast shut offf. The proper quantity of ferromanganese,
previously weighed out, is thrown into the converter, which is
allowed to stand for a few minutes until all agitation has subsided.
Ferromanganese is a variety of pig iron very rich in manganese
and containing also from 6 to 7 per cent. of carbon. In practice,
it is not possible to stop the blow with the required amount of
carbon remaining in the metal. It is found preferable to remove
the whole of the carbon during the blow, and then * recarburise,”
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or add the exact amount of carbon to convert the charge into
mild, medium, or hard steel of the desired quality, by the addi-
tion of ferromanganese, or spiegeleisen. Until this is done, the
decarburised metal may be described as burnt iron, being red-
short and unweldable, or “ rotten,” as it is termed. During the
blow, some oxidation of the iron is inevitable, and the oxide of
iron produced dissolves in the metal, rendering it brittle and un-
workable. The manganese in the ferromanganese decomposes
the oxide of iron, forming manganese oxide, which passes into the
slag. The converter is next turned down, and its contents dis-
charged into the ladle, Fig. 84 (d), followed by a layer of slag to
protect the molten steel and prevent radiation. After the ladle
has been moved away, the converter is turned mouth downwards
and the slag run out, the blast being turned on for a few seconds
to facilitate the operation. The ladle is rotated and brought over
each of the ingot moulds in succession, Fig. 35, and the molten
steel is run in at the top. When full the surface of the liquid
metal is covered with sand, and the moulds are stripped from the
ingots as soon as the latter are sufficiently set. As the ingots
are still much too hot in the interior to admit of immediate roll-
ing, they are placed in soaking pits for about an hour. Each pit
is somewhat larger than an ingot and of ample depth to contain it.
It is thickly lined with firebrick, and is closed with a lid or cover
to exclude air. The excess of heat in the interior of the ingot
passes through the outer layers, and is taken up by the brickwork,
from which it is radiated back again. This results in a uniform
temperature being obtained without the use of fuel. The ingot
can then be rolled in the cogging mill without re-heating.

As neither sulphur nor phosphorus are removed during the
blow, the pig iron employed in the ‘‘acid” Bessemer process
must be free from these impurities. At the same time, as the
high temperature required in the converter is obtained mainly by
the combustion and oxidation of silicon, that element must be
present in the proportion of about 2§ per cent. What is known
as ‘“‘ Bessemer pig,” because it is specially suitable for the
Bessemer process, is smelted from hematite ores free from
phosphorus and sulphur.

The Basic or Thomas-Gilchrist Process.—Phosphoric pig
irons, such as those smelted from Scotch or Cleveland ores, and
algo largely produced on the Continent, are not suitable for con-
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version into steel by the original Bessemer process, carried out
in a siliceous or acid-lined converter. Although phosphorus is
readily oxidised, the resulting phosphoric acid (P;0;) must be
combined with a basic substance to effect its removal in the slag.
The addition of lime might accomplish this object, if it were not
for the fact that it would enter into combination with, and would
thus rapidly destroy,
the acid lining. This
led to the introduction
by Thomas and Gil-
christ in 1878 of the
‘“ basic process,” in
which a strongly basic,
and at the same time
highly refractory,
lining, prepared from
dolomite or magnesian
limestone, is substi-
tated for the ordinary
ganister lining of the
Bessemer converter.
The dolomite, after
being burnt and
ground, is mixed with
anhydrous tar, and is
pressed in cast iron
moulds into the form
of bricks, which are
burnt at an intense
white heat. The con-
verter is lined with
these magnesian bricks,
laid in a cement of
anhydrous tar, the thickness at the sides being about 15
inches. The bottom is made about 2 feet thick, of the same
materials as the bricks, and is similarly formed in an iron mould
by hydraulic pressure, a number of holes about % inch in
diameter being left as tuyeres. The mould is then placed in a
kiln and gradually raised to a red heat, which drives off the tar,
and leaves a hard compact mass. The arrangement of the plant

F1a. 37.—Basic Converter.
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is in general the same as for the acid process. Fig. 87 shows
two views of a 15-ton basic Bessemer converter supplied to
Messrs. Walter Scott, Ltd., Leeds Steel Works, by the Lilleshall
Co., Ltd., Oakengates, Shropshire. The pinion of the tipping
gear is seen on the left of the lower view, in which will also be
noticed the removable bottom, connected by hinged straps to the
body of the converter. Owing to the nature of the process, the
basic lining wears out very rapidly, and there is also considerable
accumulation of slag after each blow. Frequent repairs are
therefore necessary, which are greatly facilitated by the use of
the “loose bottom.” The upper view shows the method of
charging the converter, and the hollow trunnion with the blast
pipe is clearly seen. The converters used in the basic process
are frequently of the concentric type, i.c., the neck is not fixed at
an angle to the body, but is concentric with it, the mouth being
parallel to the bottom. In this way readier access is afforded for
the removal of any refractory slag. The converter after lining
is gradually warmed up, and a quantity of lime, equal to about
15 per cent. of the weight of pig iron, is put in, and is strongly
heated by slight blowing. The charge of about 10 tons of molten
iron is then run in from the ladle, the blast turned full on, and
the converter rotated into the vertical position. The blow takes
from fifteen to twenty minutes, and is attended with the same
changes as in the acid process, until the removal of the carbon is
indicated by the “ drop ” in the flame. The “after blow,” as it
is termed, now commences, and is continued for about three
minutes longer. This is the peculiar feature of the basic
process, resulting in the removal of the phosphorus. It is very
important that the amount of silicon in the pig iron for the basic
process should be small, not exceeding 1 per cent., as otherwise
the silicon would attack and rapidly destroy the basic lining, and
a much larger quantity of lime would be necessary. Moreover,
silicon is no longer to be regarded as the chief heat-producing
element, its place in this respect being taken by phosphorus.
This is especially the case during the *after blow,” when the
temperature rises rapidly to about 8200° F., dense red-brown
fumes being emitted. The flame does not, however, give any
indication as to the completion of the process, and when it is
judged that the phosphorus has been eliminated, the converter is
turned down and the blast shut off. By means of a small
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spoon-like ladle with a long handle, a sample is taken, and after
casting in a mould, is hammered out flat, cooled in water and
broken. With practice the extent to which dephosphorisation
has been carried can be judged from the fracture. If still
incomplete, the converter is turned up and blowing is continued,
until finally a satisfactory sample is obtained. The slag is
then immediately run off, the proper quantity of spiegeleisen or
of ferromanganese is added to effect the necessary recarburisation,
and the metal run into the ladle in the usual way. The remain-
ing operations are conducted exactly as in the acid process. The
slag, which may contain as much as 30 per cent. of phosphates of
lime and magnesia, is of considerable value as a fertiliser for
agricultural purposes, and is ground up and sold as manure. In
spite of the great advantage that it permits of the use of cheaper
pig iron, the basic process is in itself more costly to work than
the ordinary or acid process, the quantity of lime used being
very large, and the output per converter much less. 1t is
generally contended that basic steel is neither so reliable nor so
uniform in quality as the acid product, due in all probability to
the fact that it is extremely difficult to know exactly when the
process is completed. For such uses as rails, rolled joists, and
other sections the basic process is nevertheless largely employed
in this country, and in Germany it forms the chief means of
production.

Comparing the acid with the basic Bessemer process, it will
be noticed that the heat-producing agent in the former case is
the silicon, and in the latter the phosphorus. The chemical
composition of the pig iron used must therefore be adjusted
to these requirements, and on the average may be taken as
follows :—

Constituent. Acid Process. | Basic Process.
Carbon . . . . . 36 34
Silicon . . . . . . 2:5 15
Manganese . . . . . 03 05
Phosphorus . . . . . 005 2-2
Sulphur . . . . . 005 006




CHAPTER IX.

THE SIEMENS OR OPEN-HEARTH PROCESS—ELECTRO-
THERMIC MANUFACTURE OF STEEL.

The Siemens or ‘‘ Open-Hearth " Process.—Although several
modifications of this process are in use, all of them are conducted
in gas-fired regenerative furnaces of the type originally introduced
by Sir W. Siemens with the object of obtaining a high tem-
perature and at the same time of effecting economy in fuel.
For this purpose, the principle of the Cowper hot-blast stove (p. 23)
was applied in the construction of the regenerators for raising to
a high temperature both the gas and the air required for its
combustion. The arrangement may be best described by
reference to a recent example by Messrs. Wellman-Seaver and
Head, Ltd., of London. The furnace, A, Fig. 88, is of the
reverberatory type, with the hearth carried upon cast iron
bath plates, B, kept cool by allowing the air to circulate freely
beneath them. The plates are first covered with a course of
firebrick on edge, upon which the bottom, C, is formed of
successive layers of refractory sand about an inch thick, each
layer being ¢ fritted ” or vitrified by heating with gas before the
next is put on. When a total thickness of about 15 inches has
been reached, a quantity of slag and hammer scale is introduced
and melted, and is spread over the bottom until no more is
absorbed. The hearth slopes in all directions towards the

tap-hole, D, at the back of the furnace, and from this a spout or’

lander, E, is arranged to run the metal into the ladle. Three
openings, F, (see also Fig. 39), are usually provided in the
furnace front, through the two outer of which the charge of
pig iron is introduced ; the ore or scrap is added during the
process through the central or working door when the furnace is
at work. The openings are closed by doors, which consist of iron
frames enclosing a slab of firebrick, and the doors are suspended
by chains from counter-balanced levers, by which they are raised
and lowered, The end walls or blocks, G, of the furnace are made

4
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———

F1G. 38.—Siemens * Open-Hearth '’ Furnace.
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from 4 to 6 feet thick, as in them have to be formed the flues or
passages, H, I, from the regenerators, J, K. These passages are
turned horizontally, and open into the furnace through ports,
three in number, arranged in two rows. The gas enters through
one of these ports, L, placed at the level of the doors, the
remaining two, M, which are placed above, serving to admit the
air, at about the level of the roof. The side walls, N, of the
furnace are about 15 inches thick, and are enclosed in steel plates
supported by buckstaves of rolled joist or rail section connected
together by tie-rods. Below the furnace are placed the re-
generators arranged in two pairs, the gas and air being heated
in separate chambers, J and K respectively, each filled with a
chequer work of firebrick. The pairs of regenerators are heated
alternately by conducting through them the hot gases from the
furnace on their way to the chimney. The heat absorbed by the
brickwork in this way is afterwards given up again to the air and
gas on their way to the furnace. The method of reversing the
direction of flow through the regenerators is shown in the
diagram Fig. 40, to which also reference may be made in connection
with the previous figures. Separate valves, placed in the cave, O,
immediately in front of the furnace and below the floor level, are
provided to adjust the supply and control the direction of both
air and gas. The gas enters from the culvert, P, through the
inlet or mushroom valve, Q, which regulates the quantity passing,
and then through a butterfly reversing valve, R, which can be
turned over to direct the flow into either of the gas regenerators.
A similar arrangement of admission and reversing valves is
employed for the air, which is thus conducted to one or
other of the air regenerators. After traversing their respective
regenerators, the air and gas enter at one end of the furnace by
way of the ports already described, and the resulting flame and
waste gases pass out at the same time through the ports in the
opposite end, and are drawn down through the other pair of
regenerators into the flue, S, leading to the chimney. The
direction in which the air and gas pass through the regenerators
is reversed about every half hour, thus maintaining the brick-
work at a very high temperature. In this way the heat produced
by the combustion of the gas is added to that taken up from the
regenerators, and the furnace is filled with flame of intensely
high temperature. By varying the proportion of air to gas, the
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flame may be made reducing, neutral, or oxidising at will, giving
great facility in controlling the various stages of the process.
The regenerative system of working has enabled very considerable
economy in fuel to be effected, as compared with the ordinary
farnace. The temperature of the products of combustion on
leaving for the chimney does not much exceed 800° F., proving
that the heat generated is almost entirely retained in the furnace
and regenerators. The working capacity of the Siemens furnace
has been increased in recent years from 10 up to 50 tons
or even more, the most economical and most easily managed
size being probably about 256 tons. In working the Siemens
open-hearth process, the charge of pig iron is distributed over
the bed of the furnace, and a quantity of steel scrap, such as rail
ends, shearings, etc., is added. £When completely fused, pure
hematite iron ore in lumps is added at intervals to effect the
oxidation of the silicon, carbon, and manganese of the pig iron,
the bath of molten metal being caused to boil violently from the
escape of carbonic oxide, as in puddling. To melt a 256 or
80-ton charge, the time taken is four or five hours, a * short,
sharp " oxidising flame being employed. If a hard steel for rails
is required, the metal will be tapped soon after boiling has
subsided, but for softer metal the heat will be prolonged,
extending to eight or ten hours. This permits of perfect control
over the process, and constitutes the great advantage of open-
hearth working. Samples are taken from time to time with a
long spoon-like ladle, and are tested for malleability and
toughness, the fracture being examined, and the percentage of
carbon rapidly ascertained by chemical analysis. When the
carbon has been sufficiently reduced, say to 0'1 per cent., the
metal is allowed to stand awhile, and the temperature is increased,
to keep it fluid and clear out the slag. Spiegel is then added,
and the furnace is tapped by driving an iron bar into the taphole.
As the metal runs out, a small quantity of ferromanganese
previously heated to redness is added in the ladle, T (Fig. 40),
which is of the same construction as that used in the Bessemer
process. The ingot moulds, U, are placed in a row in the casting
pit, V, which is usually arranged parallel to the length of the
furnace at the rear or tapping side, and along which the ladle,
mounted on a bogie, may be run on rails to bring it over the
moulds in succession. Immediately below the taphole is the
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slag pit, W, so that after the whole of the charge has been run off
into the ladle, the lander may be removed, and the slag allowed
to flow into the tub, X, carried on a bogie. The Siemens open-
hearth process is more costly in operation, and the rate of
production is less than the Bessemer, but any pig-iron free from
sulphur and phosphorus may be employed, with the further
advantage of using up large quautities of scrap by remelting. The
great point in favour of the open-hearth acid process is that per-
fectly uniform composition of the steel produced may be ensured.

F1a. 42.—Charging Bogie for Steel Furnace.

The basic open-hearth process is carried on in a Siemens
furnace lined with dolomite, lime being added to the charge to
keep the slag strongly basic. Phosphoric pig may be thus treated
in a manner similar to the basic Bessemer process.

Modifications of the S8iemens Process.—The modern tendency
to work with very large charges of 50 or even 100 tons has been
responsible for the introduction of two important improvements.
The difficulty of working heavy charges has been overcome by
the use of charging machines, of which the Wellman, Fig. 41, is
the best known. The author is indebted to Messrs. Wellman-
Seaver and Head, Ltd., of London, for drawing and illustrations
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of their electric open hearth charger referred to in the following
description. The charge is placed in boxes capable of holding
about a ton of pig iron, scrap, or ore. Four of these boxes may
be carried on the charging bogie shown separately in Fig. 42,
which runs on a narrow-gauge line close to the front of the
furnace. A second set of rails outside the first and about 12 feet
gauge is provided for the charging machine itself, which is
mounted on wheels, and is operated in all its motions by electric
motors, taking current from a trolley-wire overhead. Fixed to the
frame of the machine at the top are two girders which project close

F1a. 43.—Charging Machine for Steel Furnace.

up to the front of the furnace, and which carry a four-wheel truck
running on rails after the manner of an overhead travelling
crane. Projecting downwards from the truck is a strong arm or
bracket, with a trunnion bearing at its lower end in which the
charging bar rotates. A platform is slung from the charging
bar for the man operating the machine, who is thus in &
position to see the charge deposited in the furnace. By means
of motors of about 25 H.P. the charging bar may be raised or
lowered bodily, or moved right or left, and a smaller motor of
84 H.P. is employed to rotate the bar for the purpose of emptying
the boxes. The latter are provided with sockets into which a
flange on the end of the charging bar fits, and passing through
¢ 2
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the charging bar, which is hollow, is a locking bolt actuated by a
lever for securing the box in position. The bogie with the
charging boxes is placed in front of the machine, and the end of
the bar is lowered into the socket on one of the boxes, which is
then locked upon the bar. The whole is raised, and with the
truck, is run forward on the upper girders of the machine to
bring the box inside the furnace to the spot where the charge is
to be deposited. The bar is then rotated, turning over the box
and allowing its contents to fall into the furnace, when the truck
is run back to withdraw the box, which is replaced on the bogie

F16. 44.—Charging Machine for Steel Furnace.

and released by drawing back the bolt. The whole operation of
lifting, discharging, and replacing the box occupies about a
minute, and in this way some 50 tons of material may be
charged into the furnace in an hour, with a very considerable
saving in labour. Fig. 48 shows a machine of the overhead
crane type, installed at the Britannia Works of Messrs. Dorman,
Long & Co., Ltd., Middlesbrough. In this view, the machine,
which is operated by six electric motors, is slewed round away
from the furnace, just after picking up a loaded box containing
4 tons of pig iron. Fig. 44 shows the lower part of the trolley
with the motors and the driver’s platform, and the charging
arm in the lowest position.
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A second difficulty incidental to the working of large furnaces
is that of tapping a very heavy charge. This has been overcome

Section G.H.

Section AB.

Section C.D.

F1a. 46.—Talbot Tilting Furnace for continuous working,

by the employment of the tilting or rolling furnace, the body of
which is carried on strong girders of curved form, so that the



86 MECHANICAL TECHNOLOGY.

furnace may be rocked bodily by means of hydraulic rams. This
enables the metal to be poured from a spout, and as pouring
may be started or stopped at any moment, the loss of time in
tapping through a tap hole in the usual way is avoided. Slag

F1G. 46.—Talbot Furnace at work.

may also be drained off during the working, if required. The
outcome of this idea has been the introduction of continuous
working, the best known example of which is probably found
in the Talbot Furnace, Fig. 45, constructed by Messrs. Wellman-
Seaver and Head, Ltd., London. At the commencement of the
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weffk'e work, the furnace is charged with pig-iron and steel scrap,
whl.ch with additions of ore and lime is converted into steel of the
desired quality in the ordinary manner. About one-third of the

F1a. 47.—Talbot Furnace tilted for pouring.

metal so produced is then poured off into a ladle by tilting forward
the furnace, and is distributed into ingot moulds as previously
described. The furnace is rolled back, and after adding & quantity
of oxide of iron to the slag in the furnace, molten pig-iron is run
in from a cupola to replace the steel taken out. A vigorous boiling

A__‘
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action resembling the Bessemer blow now commences, due to the
discharge of large quantities of carbonic oxide, which burns with
an intensely hot flame. The heat evolved being sufficient to raise
the temperature of the bath, gas is cut off from the furnace
during this period. At the end of ten to fifteen minutes, the
slag, which has been deprived of its iron oxide, is partly poured
off, and the bath reduced to steel of the required quality by
fresh additions of ore and lime. When this has been effected
about one-third of the charge is again poured off, and so the
process is repeated again and again, the furnace being emptied
only at the end of the week. Fig. 46 is from a photograph of
a furnace of this type when at work. The port ends are
mounted on wheels, and are fitted with a water seal (seen in
Fig. 45) so that they may be moved laterally a short distance
before tilting the furnace, the supply of gas and air being first
cut off. Fig. 47 shows the furnace tilted for pouring.

Another important improvement consists in dispensing with
the ordinary ladle, or rather, in attaching the ladle direct to the
taphole on the side of the furnace. This is known as the fore-
hearth, and it is clearly seen at the rear and near the top of the
furnace in Figs. 46 and 47. It is constructed of steel plate lined
with firebrick, and is provided with two pouring holes and stoppers
of the same pattern as those used for an ordinary ladle, so that
the metal may be tapped direct into ingot moulds, with a great
saving in time and with much less cooling than when a ladle is -
used. It will be noticed that the molten metal only enters the
forehearth when the furnace is tilted, and for pouring off the
slag the forehearth is easily removed and a spout substituted.

The continuous method has now been extensively adopted, and
amongst other striking examples, a large furnace of 100 tons
capacity, which has been installed at the Frodingham Steel Works
in Lincolnshire, is producing 650 tons of ingots per week from
liquid pig-iron only, without scrap. In this way it is being sought
to bring the output of the open-hearth up to that of the Bessemer
process without sacrificing facility of control.

Gas Producer.—An important part of the plant required for
the open-hearth or Siemens process, is that for supplying the
large quantity of gas with which the furnace is fired. Such gas,
known as producer gas, is made by passing air and steam through
a thick layer of incandescent fuel, the oxygen of the air being
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converted into carbonic oxide, and the steam decomposed,
with the production of hydrogen and carbonic oxide. The gas
also contains some carbon dioxide, together with the nitrogen of
the air and the volatile hydrocarbons evolved in the distillation
of the burning fuel. Three types of producer have been evolved,
viz.: (1) The grate or *bar bottom” producer, as originally
introduced by Siemens, the use of which has been practically
abandoned on account of the difficulty of keeping the bars clear,
and of the loss of fuel falling into the ashes. (2) The cupola, or
“ golid bottom ” producer, of which the Wilson is one of the best
known examples. The disadvantage of this type is the frequent

F1a. 48.—Wilson Gas Producer.

stoppage pecessary for cleaning out ashes, etc. This has been
overcome in (3) the * water bottom ' producer, which is built on
an iron ring, dipping into a shallow trough containing water, to
act as a seal. The ashes thus fall into water, and can be raked
out below the casing, no heat being lost. The Wilson producer,
Fig. 48, or some modification of it, has been very extensively
adopted. It consists of a cylindrical shell, A, of steel plates, lined
with firebrick, and having a hopper, B, at the top through which
the fuel is charged. The hearth, or bottom, C, is also of brick-
work, without grate bars. The air necessary for combustion
is forced in by a steam jet blower, D, through the distributor, E,
or flue of brickwork in the centre of the hearth. The gas passes
through ports into a circular passage, F, round the upper part of
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F1a. 49.—Section of * Hilger" Gas Producer.



THE SIEMENS OR OPEN-HEARTH PROCESS. 91

the producer, from which it is conducted by the downtake to the
gas culvert, H, leading to the furnaces. One advantage of the
gas producer is that inferior kinds of fuel may be utilised,
washed coal slack being generally employed. Slow combustion
is maintained by the oxygen of the air blown in through the red-
hot fuel at the bottom, carbon dioxide CO; being formed, which

F1e. 50.—External View of * Hilger " Gas Producer.

rising through the mass of incandescent fuel above, is reduced
to carbonic oxide CO, thus: C + O3 = COy, and CO3 + C = 2CO.
The steam is also decomposed in passing over the incandescent
fuel, thus: C +4 OH; = CO 4 Hy. The best proportion of
steam to air would appear to be about 1 to 20. As the fuel
chamber is always kept quite full, the volatile hydrocarbons
distilled from the freshly-charged fuel are compelled to pass
downwards through the burning mass below, and in this way
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tarry matter is decomposed. Inspection doors are provided
round the top of the producer and at the side, the latter also
serving for the introduction of bars for breaking up the fuel and
clinker. The ashes are withdrawn through cleaning out doors, J,
about every twelve hours,and a valve, G, is fixed in the downtake
to shut off the producer when cleaning, or for repairs.

F1G. 51.—* Pilgrim’s Step " Mechanism for * Hilger " Gas Producer.

As already mentioned, the usual form of solid bottom producer
entails some difficulty in cleaning out ash and clinker. This has
been overcome in the “Hilger” producer, Fig. 49, constructed
by Messrs. D. Hunter & Co., of Leeds. The shell is of the
ordinary cylindrical form, lined with firebrick, but without water-
jacket, and is provided with a double-closing charging hopper at
the top. The body of the producer is carried upon a framework
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of steel girders and columns (Fig. 50), so as to leave a clear
space at the lower end. In this space is arranged a pan-shaped
hearth, capable of being rotated on a ring of balls by means of
worm gearing. A double-acting ratchet, or * pilgrim’s step ™
mechanism, Fig. 51, imparts to the worm a forward and back-
ward rotation alternately, the amount of which is capable of
adjustment in either direction. This enables the quantity of ash
thrown out by the stationary shovel (see Fig. 49) to be regulated.
Upon the rotating hearth is fixed a star-shaped grate carrying a
similar star-shaped upper portion, the blast opening being formed
between them, as will be evident from the plan Fig. 49, which
shows the grate as seen from above. The ash in the producer is
kept constantly in motion by the to-and-fro rotation of the hearth
and grate, thus preventing the formation of clinker. If the for-
ward and backward motions are adjusted so as to be equal, the
removal of the ash may be stopped entirely, while still subjecting
the contents of the producer to considerable agitation. In this
way, when using a fuel poor in ash, or when not working to full
capacity, it is not necessary to stop the rotating movement, as is
the case with producers having grates which rotate in one
direction only. The constant returning of the ash and fuel in
the Hilger producer brings new surfaces into contact with the
blast, with the result that gasification is much hastened.

The average composition of gas from a Hilger producer, and of
ordinary coal gas for comparison, is as follows :—

_— Producer Gas. Coal Gas.

Carbon Monoxide . .| 29 per cent. 7% per cent,.
Carbon Dioxide . . . 3 —
Hydrogen . . . .| 13 " 47
Marsh Gas . . . . 1 ., 413
Hydrocarbons . . . — | 33
Nitrogen . . . .| 52 ” ! —--

| .

| Combustible Gases . .| 44 ‘ 100

|

Complete Plant for Steel Making.—An ideal arrangement of
steel-making plant, to which, however, it is not always possible
‘to conform in practice, is shown in Fig. 52, due to Mr. J. E.
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Stevenson, of Middlesbrough. The blast furnace, A, worked in
conjunction with the hot blast stoves, B, supplies molten cast iron
to the metal mixer, C, from which it is taken as required direct
to the tilting furnace, D. The open-hearth steel so produced is
tapped into ingot moulds, E, which, when the metal is sufficiently
golid, are stripped by the crane, F, the ingots being at once
transferred on bogies to the soaking pits, G. After heating
uniformly to the proper temperature for rolling, the ingots are
lifted out by the crane, H, and carried on live rollers, I, to the
cogging mill, J. Here they are reduced to blooms, slabs, or
billets of suitable size and section for subsequent treatment.

(a)

F1G. 52.—Continuous Steel-making Plant.

From the cogging mill the steel proceeds io the roughing rolls,
in which it receives approximately the shape of section desired,
and then finally to the finishing rolls, in which it is brought
down to exact dimensions. The great difference in the treatment
of wrought iron and steel will be noticed. The cutting up,
piling, re-heating, and welding, necessary for wrought iron is not
required for steel. With the latter, the ingot, no matter by
which method it may be produced, is subject to a continuous
process of rolling only, usually without re-heating. The process
of reduction from the ingot to the finished section is well
illustrated by reference to Figs. 448, 449 and 450, in which are
shown the form of the rolls and the number of grooves or passes
required in rolling out a tramrail, Fig. 448 being the cogging,
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Fig. 449 the roughing, and Fig. 450 the finishing rolls for this
purpose.

Defeots in Casting Steel.—Ingots produced by pouring steel
into moulds necessarily much colder than itself are always
found to be more or less unsound, and it may be said that the
milder the steel the more pronounced the defects become. It is
found that molten steel dissolves oroccludes a considerable quantity
of gas, consisting principally of hydrogen
and nitrogen to the extent of 85 and 15
per cent. respectively. These gases are
given out very largely during solidifica-
tion, but are liable to remain imprisoned
in the form of bubbles of very irregular
size and shape as at B, Fig. 58, giving
rise to blowholes and honeycombing. The
ingot also contracts considerably on cool-
ing, and as solidification commences at
the surface of the mould, a conical depres-
sion at the top, or a hollow cavity in the
interior, may be formed as at P, Fig. 58.
This is known as piping, and its exist-
ence is most marked in the harder grades
of steel. A third defect is that known as
seqregation, or the tendency to separate
into portions of different composition,
due to the fact that the various con-
stituents of the steel possess different
degrees of fusibility, some remaining
liquid after the rest have solidified. The
?.ctlon is thus similar to that of a salt . = 58.—Section of Steel
in expelling the mother-liquor when crys- Ingot and Mould.
tallising. Hence, as slow cooling is pro-
ductive of segregation, rapid solidification is desirable as securing
homogeneity. '

Several methods have been proposed for overcoming the above
defects with a view to producing sound ingots. The addition of
silicon, in the form of silico-ferromanganese, immediately before
pouring the metal into the moulds has long been known to yield
good results, and more recently it has been found that a small
quantity of aluminium, introduced in a similar manner, had a
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very marked action in assisting to produce sound castings. An
important process for consolidating steel ingots by subjecting the
metal to hydraulic pressure-while in the fluid state was intro-
duced by Sir Joseph Whitworth in 1865, and has since been
employed in the production of the celebrated Whitworth Auid-
compressed steel, largely used in the manufacture of ordnance and
heavy marine shafting. Other methods of compression have been
devised, but the process is at best somewhat difficult of practical
application, and the use of a sinking head (pages 245 and 259) is
still commonly resorted to. The mould is made about 25 per
cent. longer than the size actually required, so that the metal

(®) ®
Arc Furnsce Resistance Furnace
(Stassano) (Girod)

Arc-Resistance Furnace
(Heroull

/nduction Furnace
. (Ferranti-kjellin-Frick)

{o) @
F1G. 54.—Types of Electric Smelting Furnaces.

comprising the true ingot solidifies under the pressure due to the
head above. The portion forming the head is largely honey-
combed, due to the bubbles of gas which rise into it, and is
usually found to contain the pipe. It is afterwards cut off
and scrapped for remelting, the ingot proper thus remaining
comparatively sound.

Electrothermic Manufacture of S8teel.—This is an important
process of great promise in the future, in spite of the high cost
of the electric current and of the electrodes used to convey it to
the molten metal.

The electric furnace for the manufacture of crucible cast steel
and for the preparation of alloys of iron with other metals, such
as nickel, chromium, tungsten, vanadium, etc., undoubtedly
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possesses great advantages over the older processes. Hitherto
its use has been confined to localities where water power is
available for the production of the necessary current, buf the
utilisation of blast furnace gas in large-power gas engines driving

electric generators
should admit of its adop-
tion in any large steel-
works.

The advantages of the
process are (1) that any
desired temperature may
be maintained and con-
trolled with the greatest
ease, and (2) that the
introduction of impurities
inseparable from the use
of solid or even gaseous
fuel is avoided.

Electric furnaces are
of three types, Fig. 54:
(1) Arc furnaces (a); (2)
resistance furnaces (B)
and (c); and (8) induc-
tion furnaces (p), ac-
cording to the method
employed for converting

the electric energy into

heat.

The best example of
the arc furnace is that of
Stassano, Fig. 55, which
takes the form of an iron-
clad circular chamber
with dome roof, the whole

F1a, 55.—Stassano Furl;nce.

lined with refractory material. Through the side project two or
three adjustable carbon electrodes, between which the arc is
formed. The charge is melted by the heat radiated from the
arc, and the molten metal is set in motion and thoroughly
incorporated by causing the whole furnace to revolve. Tap
holes are, of course, provided for the removal of the metal and

M.T.

H
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the slag. The arc furnace is said to be capable of producing
a temperature of 7000° F., and is especially suitable for any
operation requiring a high temperature.

The most successful form of resistance furnace is probably the
Héroult, Fig. 56, which in construction closely resembles the
open-hearth tilting furnace already described. The charge, con-
sisting of pig iron with the addition of steel scrap, is melted on
the hearth of the furnace and is treated in all respects as in the
open-hearth process, except that heat is produced by electrical
means instead of by burning gas. The source of heat is the
resistance offered to the passage of the electric current in
traversing the bath of molten metal. The electrodes are not,

Fi1a. 56.—Heroult Furnace,

however, brought into actual contact with the bath, but an arc is
formed from the positive electrode to the bath, through which
the current passes, causing a second arc to the negative
electrode.

The induction furnace, first proposed by Ferranti, is con-
structed upon the principle of the transformer, or induction coil.
A successful example is that of Frick, Fig. 57, employed on a
large scale at Krupp’s works in Essen, and recently by Messrs.
John Brown & Co., Ltd., and Messrs. William Jessop & Sons,
Ltd., of Sheffield. The hearth of the furnace is a ring-like or
annular channel left in the body of refractory material, and
fitted with a movable cover. The core of the transformer is
laminated, and is built up of soft iron plates insulated from each
other. The core is approximately rectangular, forming a closed
magnetic circuit, one limb of which, surrounded by the primary
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coil of many turns of insulated copper wire, passes down vertically
through the space at the centre of the hearth. The secondary

F1@. 57.—Frick Furnace.

circuit is formed by the ring of molten pig-iron, which is first run
into the hearth, when the furnace becomes a transformer.
H2
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An alternating current of 80 ampéres is supplied to the
primary at a pressure of 8,000 volts, and the number of turns
in the coil is 80 arranged that a current of 80,000 ampéres at a
pressure of 7 volts is induced in the secondary. The great
resistance offered to the passage of this heavy current sets up
a considerable heating effect, the action being one of melting only.
The charge of pig-iron and scrap in proper proportion can thus
be melted down to give steel of any required composition. A
furnace having a capacity of 10 tons has a power consumption
of 1,000 H.P., and the efficiency of the different stages is stated
to be :—Gas engine, 80 per cent.; alternator, 91 per cent.;
electric furnace, 82 per cent.; total efficiency of electric melting,
22 per cent.



CHAPTER X.
ALLOYS.

Tae properties of any one metal may be considerably modified
by the addition of a small quantity of another element, and in
this way it is often possible to improve the quality, or remove
some defect, which may exist in the purer metal. If may, for
instance, be desired to bring about any of the following objects :
(1) to produce sound castings; (2) to lower the melting point ;
(8) to increase the hardness; (4) to increase the strength and
toughness ; (5) to resist oxidation or corrosion ; (6) to improve
the appearance, either as regards colour, or ability to take & high
polish. For such purposes, one metal is frequently added to
another, the result being known as an alloy. Viewed in this
light, cast iron may be regarded as an alloy of iron and carbon,
which becomes more and more difficult to melt and to cast with
each reduction in the proporfion of carbon below 2 per cent.
Copper alone is extremely difficult to east, but the addition of
zinc enables sound castings to be produced quite readily. Gold
and silver for coinage must be hardened by the addition of a
small quantity of copper. The strength of copper is greatly in-
creased by alloying with tin. The appearance of gold may be
closely imitated by adding aluminium to copper, and even a deep
violet colour may be obtained by alloying equal parts of copper
and antimony.

All substances other than chemical elements are classified
either as chemical compounds or mechanical mixtures. It is well
known that elements can combine only in certain fixed propor-
tions to form compounds. In the production of alloys, however,
the constituent metals need not be present in definite chemical
proportion, and in fact, it will frequently occur that two metals
will alloy equally well in widely differing proportions.

The modern theory of the constitution of alloys has been
built up very largely from the work done by the late Sir W. C.
Roberts-Austen for the Alloys Research Committee of the
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Institution of Mechanical Engineers. The reports will be found in
the Proceedings of that body for the years 1891, 1898, 1895, 1897,
1899 and 1904, and together with several important papers which
were read before the Institute of Metals in 1908 (see Engineering,
Nov. 20th, 1908), may be consulted by the reader with advantage,

as only a brief outline of the subject can be attempted here.
Almost all metals mix well together when melted, but on
solidifying, the difference in density or in fusibility may tend to
bring about a separation to a greater or less extent. Melting at
too high a temperature, and slow cooling, are each particularly
liable to increase any tendency to separation. It cannot there-
fore be said that alloys are chemical compounds. On the other
hand, it is characteristic of

3% a mechanical mixture that
wE the smallest particles of
0 each of the substances
anl |.]. composing it retain their
200y \ original properties unim-
‘w paired. Hence, any pro-
2 w0 N perty of a true mechanical
g . N\ mixture, specific gravity for
L - instance, will be simply a
o N mean of the properties of
-% N its components. Alloys do
-100 > % ¥ %  Dnot, however, follow this

| wnuTes. rule, and are frequently

F1a. 58.—Freezing Curve of Water. found to possess proper-
ties differing considerably from those of their constituents.
According to the modern theory of the constitution of alloys, they
are to be regarded as “ solid solutions " of one metal in another,
or it may sometimes happen, of a definite chemical compound of
the metals in the metal which is in excess. In this light, the
structure of an alloy is very similar to that of an igneous rock,
such as granite, which is built up of widely differing constituents,
viz., felspar, quartz, and mica. These exist in the form of
crystals, cemented together by the solidified ‘‘mother-liquor ”
from which the crystals were deposited during cooling. It is
therefore necessary to study the phenomena which occur during
the cooling and solidification of a single substance and also of a
solution. This is best shown by means of a diagram in which



ALLOYS. 108

ordinates represent temperatures, and absciss® times of cooling.
The “freezing curve” of water, in Fig. 58, is taken to com-
mence with steam which cools down from a to b at a
regular rate to 212° when condensation commences, and the
temperature remains constant during bc minutes. At ¢, con-
densation is complete and the temperature again falls regularly
to freezing point from ¢ to d. Solidification then commences,
and the temperature remains constant at de until the whole
mass has become solid, after which it will continue to fall so long
as further cooling of the ice proceeds. With a single substance,
the melting or freezing point, as the case may be, is fixed and in-
variable, and in changing from the solid to the liquid state, or
vice versd, the temperature is
always arrested at this point until

the change is complete. Pro- :

ceeding next to consider the -

behaviour of a solution, it is in-

structive to note what happens & *

when a solution of common salt §* { """ e T
in water is frozen. It is well g”" \“"""“‘;‘,’Tg‘.‘”—‘“"m‘"
known that a solution always §» \

freezes at a lower temperature * o

than the freezing point of the .4 isecown £p_soLuTioN.
solvent, the “depression” of the \ |

freezing point depending upon TIME

the quantity of the substance in F16. 59.—Freezing Curve for
solution. Suppose, Fig. 59, a Solution of Balt.

solution of 10 per cent. of salt in water is cooled down
slowly by some external agency. At a temperature of 21°,
solidification commences, ice free from salt being first formed.
The temperature now falls more slowly as solidification con-
tinues, and a small quantity of salt separates with the ice,
causing the remaining mother-liquor to become more and
more concentrated. Hence the freezing point is continuously
lowered, until at — 8° F. solidification is complete. A solution
has therefore no definite freezing point. The temperature
at which solidification commences, known as the initial freezing
point, depends upon the quantity of matter in solution, but the
second freezing point, when solidification is complete, always
remains constant whatever the strength of the solution may
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Thus, for a solution of salt in water, the lower freezing

point is always — 8° F. The portion of a solution which is
the last to solidify at the lower freezing point is termed the
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F1G. 60.—Freezing Point Curve for Salt
Solutions.

eutectic, and it has always
a cerfain definite com-
position. In the case
of salt and water, for
instance, the eutectic
always contains 28'5 per
cent. of salt, and in
freezing, the crystals of
ice and of salt are simply
mixed in very close con-
tact.

The freezing point
curves for salt solutions
of various strengths are
shown in Fig. 60. There
are three lines in the

diagram, for ice (AB), salt (BC), and eutectic (DE) respectively.
Taking a 10 per cent. solution as before, it will be noticed that

freezing commences at 21° F. as
shown by the ice line, and is com-
plete at — 8° F. a8 indicated by
the line marked eutectic. When
the solution contains 285 per
cent. of salt, both freezing points
coincide on the eutectic line at
— 8° F., as before explained. The
steepness of the salt line is
accounted for by the fact that the
melting point of salt is 1800° F.
Taking a solution which is more
highly concentrated than the
eutectic, and which contains, for
example, 25 per cent. salt, it will
be seen from the salt line that

TEMPERATURE.

)
c d
(d
TIME
F1a. 61.—Freezing Curve for
Alloy.

the first solid to separate on cooling is pure salt, at an initial
freezing point of 10° F. The second freezing point is that
for the eutectic of salt and ice, which always has the same
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composition and always freezes at the same temperature, viz.,
—8°F.

An alloy of two metals will be found to behave in a similar
manner, and if a diagram be plotted showing the temperature
during the time of cooling down from the molten state, a
curve is obtained which, speaking generally, exhibits the same
characteristics as Fig. 61. As before, the temperature falls
gradually from a to b, after which, for some little time, cooling
proceeds at a less rapid rate, one of the constituents crystallising
out at b, leaving the liquid portion weaker in that constituent.
As the curve bc is traced, more and more of this constituent
solidifies, the ‘‘ mother-
liquor ”’ becoming corre-

spondingly poorer, until s00

at c it begins to solidify. N <

The temperature now 400 P B N

remains constant from AN | /] \ ,

¢ to d, at which latter & 4 N A4 3/
point solidification is ¥ \Vilh Iwe
complete. The further §m < ke

cooling of the solid pro- 1 \

ceeds gradually, as F oo / \
shown by the line de. / \
Distinguishing the two R
constituents of the alloy ‘o 20 B P w0 » s 2 W0 ke
as A and B respectively, °© 0 2W WX RN N 0 0

it may be said that the F16. 62.—Freezing Point Curves for Alloy.
crystals first deposited

at b are of large size and consist entirely either of A or
of B, but during the period of freezing, cd, the solid
formed, i.c., the eutectic, consists of very small crystals of A
deposited in juxtaposition with very small crystals of B. No
matter what the proportion of A to B in the molten alloy, the
eutectic, although by no means a chemical compound, always
contains exactly the same proportion of the two metals, and
always solidifies at the same temperature. In the molten alloy,
the solubility of each metal in the other depends upon the
temperature, which, for alloys of the two metals A and B, is
shown in the diagram, Fig. 62, in which ordinates denote tem-
peratures of the molten alloy, and absciss® the percentage of
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each metal present. Thus, at a temperature Ah, the alloy would
be composed of two solutions, one containing hd per cent., and
the other he per cent., of the metal B. An alloy containing
more than hd per cent. and less than he per cent. of the metal B
must be regarded as consisting of a mechanical mixture, in some
proportion, of the two solutions named. As the temperature
increases, the solubility of each metal in the other increases,
until at C a single solution is formed. In the diagram the
melting points of the' pure metals are shown at a and b, and
of the intermediate alloys by the lines ac and bec, which are
“freezing point curves’ for the metals A and B respectively,
meeting in ¢ on the eutectic line de. An alloy consisting of 70
per cent. A and 80 per cent. B remains in a perfectly fluid con-
dition until the temperature has fallen to the point g at the
intersection of the 70 per cent. line with ac, in the diagram.
Here crystals of the metal A begin to be deposited, reducing
the quantity of that metal in the ‘‘mother-liquor.” With a
further reduction in temperature, more of the constituent A
is thrown down, until finally when the temperature is repre-
sented by the line ki the whole mass solidifies, A and B
crystallising out together in the proportion of ic, ch = 88 per
cent. and 62 per cent. respectively. Again, from an alloy of
75 per cent. B and 25 per cent. A, crystals of B commence to
form at the temperature shown at j, complete solidification
taking place at k on the eutectic line as before. Of the critical
temperatures, the initial freezing point corresponding to g and
J varies with the original composition of the alloy, but the
temperature at which the freezing out of the eutectic takes
place is constant. In practice, the process here described may
be subject to some modification, and it should be pointed out
that, in general, each of the metals A and B will crystallise
in the liquid alloy with a certain amount of the other dissolved
in it, forming, in fact, a solid solution. It will be found that
when A commences to crystallise out as at g, Fig. 62, a certain
proportion of B, depending upon the temperature at which
solidification takes place, is contained in the crystal. This is
shown in the figure by the dotted lines ad and be, which enable
the composition of the solid solution formed at any temperature
to be read off. Thus, suppose a liquid solution contains 70 per
cent. A and 80 per cent. B, by drawing from g a horizontal
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cutting the line ad in f, it is found that point f falls on the
vertical through 83 per cent. A, and therefore the crystals
deposited, instead of containing pure A only, consist of 88 per
cent. A with 17 per cent. B in solution. Similarly, the eutectic,
as previously mentioned, is seen to consist of a mixture of two
solid solutions, one as shown by the point d, containing 84 per
cent. B dissolved in 66 per cent. A, and the other represented
by point e, containing 14 per cent. A dissolved in 86 per cent. B.
Eutectics are not deposited by alloys the composition of which
falls to the left of d or to the right of e.

It is seen that the eutectic has a lower melting point than
either of its constituents. Hence it exists in the solidified alloy
as a network or thin layer surrounding the crystals of the other
constituents, and it follows that the strength of the alloy is
limited by the strength of the eutectic. As a general rule,
therefore, alloys in which eutectics are formed are unfitted for
use where strength is required.

From the above considerations, it will be evident that an alloy
in the solid state will not be homogeneous, unless the metals of
which it is composed happen to be present in exact eutectic pro-
portion. As an alloy cannot have a definite freezing point, the
centre of the mass which is the Inst to solidify on cooling, will
also have the lowest melting point. This may be either the solid
solution of lowest melting point, or the eutectic, according to cir-
cumstances. - In the case of a solid solution, the percentage
composition will be found to vary gradually from the outside to
the inside of the mass. Should the eutectic mixture be the last
to solidify in the interior, there will be a sudden change in com-
position between it and the first portion to solidify on the outside.
This separation into portions of different composition is known
a8 segregation, and in practice it is often so pronounced as to be
readily detected by chemical analysis. Portions which solidify
at different temperatures are of different composition, and there-
fore of different specific gravities, and hence in a casting, such as
an ingot, segregation may take place not only inwards but also
upwards. Want of homogeneity leads to the development of wide
differences in molecular structure, which may result in inducing
internal stresses of an injurious character. As a rule, the
structure of an alloy after solidification is distinctly crystalline,
and the slower the cooling, the larger the crystals are likely to be.
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Consequently the crystals in the interior, on account of slower
cooling, are usually much larger than those on the outside. A
coarse crystalline structure is a certain sign of weakness and
brittleness; a fine grain may be taken to indicate strength.
Although it may be impossible to obtain homogeneity in an alloy,
steps should always be taken to reduce segregation to the lowest
limits. It will now be apparent that the more rapid the solidifi-
cation of the alloy, the more perfect will be the mixture of its
constituents, and again, the more rapidly cooling takes place after
solidification has occurred, the finer the crystalline structure. The
properties of an alloy are considerably influenced by differences in

. structure, much information
concerning which may be
revealed by microscopic
examination.

Internal Structure of
Metals and Alloys.— The
internal structure of metals
and alloys is readily revealed
by examination under the
microscope. For this pur-
pose, & small ‘ section’ of
the metal about 4 inch
square is prepared, the sur-
face being very highly
polished until all scratches
disappear. It is then etched with dilute acid or other suitable
medium, which, attacking some of the constituents of the metal
more readily than others, brings out or develops the structure.
This may be very conveniently examined with a magnification
of from 50 to 800 diameters, and by using a camera in combina-
tion with the microscope, the image may be projected on a
photographic plate, and a negative obtained in the usual manner.
The accompanying figures have been produced in this way.

Constitution of Iron-Carbon Alloys.—As previously explained,
iron or steel of commerce is to be regarded as an alloy, or as it
may now be described, as a * solid solution ” of carbon in iron.
Iron exists in three forms, known as alpha, beta, and gamma
iron respectively, denoted by the Greek letters a, 8, and v. The
first form is the only constituent of pure iron, and it has there-

F1G. 63.—Ferrite (Longmuir) x 150.
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fore been termed ferrite. All metals in the chemically pure state
are crystalline, and the crystals of ferrite which go to form the
mass of a sample of nearly pure iron are clearly seen in the
micrograph, Fig. 68. Carbon enters into combination with
iron as a definite carbide to which the name of cementite has
been given, and which is represented by the formula FesC.
Cementite is insoluble in ferrite, but a mixture of ferrite and
cementite occurring in alternate layers is known as pearlite, the
polished and etched surface of which exhibits a play of colour
resembling mother-of-pearl. This lamellar structure is shown
in Fig. 64. At 1400° F., a-iron changes over to the 8-modifica-
tion, in which also cementite is insoluble, and which has the

FI1G. 64.—Pearlite (Stead) x 1,000. F1G. 65.—Martensite (Stead) x 250.

property of being non-magnetic. When the temperature exceeds
1600° F., the y condition is produced, and cementite becomes
soluble to a certain extent. A solid solution of carbon or of
cementite in y iron is known as martensite, Fig. 65, the name
having been chosen as a compliment to the late Professor Martens
of Berlin, one of the founders of the science of metallography.
The diffusion of common salt in water bears a strong resem-
blance to the diffusion of carbon in iron, as will be evident from
anrinspection of the freezing point curves, Figs. 60 and 66. In one
case water, and in the other iron, acts as the solvent, and the part
played by common salt in the water solution is analogous to that
of carbon when dissolved in iron. Take, for example, mild steel
containing 02 per cent. carbon in solution. During the period of
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cooling down from the molten state to about 1600° F. the steel
exists in the form of martensite, a solid condition corresponding
to region I. of the liquid water—common-salt solution, Fig. 60.
Continuing the cooling below 1600° F., crystals of pure iron begin
to separate out from the martensite. These iron crystals corre-
spond to the ice crystals which separate from the water—common-
salt solution, and the martensitic condition of the steel resembles
the “ mother-liquor " in the water—common-salt solution. This
iron free from carbon is, as above explained, known in metallo-
graphy as ferrite, and the separation of the ferrite crystals con-
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tinues on further cooling until the martensite, which originally had
a carbon content of 0'2 per cent., has been enriched to 0'9 per cent.
carbon. This point corresponds to the proportion of 28 per cent.
salt in the ‘‘ mother-liquor " of the water—common-salt solution,
which freezes at — 8° F. The solid solution containing 0°9 per
cent. carbon is known as the eutectic, and this condition is reached
when cooling has gone down to 1260° F. At this temperature
the substance changes over to the condition termed pearlite, which
corresponds to the freezing of the * mother-liquor ” in the case of
the water—common-salt solution. At temperatures between
1600° and 1260° F., crystals of ferrite are contained in a
‘“ mother-liquor ”’ of pearlite. It should be pointed out that the
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diagram, Fig. 66, shows the complete history of the iron-carbon
system, up to the maximum percentage of carbon which the iron
is capable of taking up. But the left-hand corner of the diagram
shown shaded is the only portion concerned in the explanation of
the phenomena which occur through the range of carbonised
irons from mild to hard steel.

Iron-carbon solutions with carbon content up to 0°9 per cent.
resemble water—common-salt solutions in possessing three regions
which are passed through in succession during the process of
cooling down, if this be carried out to a sufficient extent. In
region 1., Fig. 66, the iron exists in martensitic condition or as

F1G6. 67.—Mild Steel (Preuss) quenched F1a, 68.—Mild Steel (Preuss) cooled
at 1400° F. slowly.
Ferrite and Martensite (x 360). Ferrite and Pearlite (x 350).

a solid solution. This martensite is really the very hard con-.
stituent of hardened steel, and the crystals show a peculiar
interlacing needle-like structure, seen in Fig. 65. On cooling
steel rapidly from a high temperature by quenching, the carbon
remains in the form of martensite, and the steel is hard. It is
found that if the cooling is effected with extreme rapidity, as
by quenching in water mixed with ice, the structure of the metal
when cold is practically the same as that which existed at the
time of quenching. It is thus possible, by quenching the
specimen at the proper temperature, to obtain microphotographs
showing the structure possessed by the metal when hot, and in
this way it has been demonstrated that the same piece of metal
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exhibits wholly different structures at different temperatures. In
region II. (Fig. 66), crystals of ferrite are found embedded in
martensite, the structure being indicated in the microphotograph
Fig. 67. Within region III., for temperatures below 1260° F.,
ferrite crystals are combined with pearlite, as shown in Fig. 68,
in which the white areas represent ferrite, and the darker portions
pearlite. With a steel containing 0'9 per cent. of carbon, ferrite
does not crystallise out from the martensite, which remains
unaltered until the temperature reaches 1260° F., when the whole
breaks up into pearlite.

With more than 0'9 per cent. of carbon, as for example, with 1-2

x 130. x 400.
F1a. 69.—Grey Cast Iron.
Flakes of Graphite (black), Pearlite (half-tone), and Ferrite (light).

per cent., solidification takes place over a range of temperature
from about 2580° to 2300° F. At temperatures within region I.
the steel consists entirely of martensite until it has cooled to
1580° F., when crystals of carbide of iron FesC commence to
separate from the solid solution. The carbide of iron, known as
cementite, is hard, and does not occur in low carbon steels. The
crystals of cementite are found embedded in a ‘“ mother-liquor ™’ of
martensite. At 1260° F. the martensite changes into pearlite, as
before, and hence the normal structure of a high-carbon steel is
pearlite and cementite. With the amount of carbon about 2-1 per
cent., we reach the maximum limit for alloys usually known as
steels, any further increase in carbon producing what are correctly
described as cast irons.
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If the iron-carbon solution possesses considerably more than
0'9 per cent. of carbon, and if in addition a fairly high silicon
content be present, the whole of the carbon does not exist as

cementite and pearlite only,
but a portion makes its
appearance as pure carbon,
or graphite. The result is
grey cast iron, Fig. 69, in the
production of which the influ-
ence of some impurity such
as silicon is essential. White
cast iron is formed when the
whole of the carbon is present
as & mixture of cementite and
pearlite, as will be seen from
Fig. 70, in which the white
areas consist of cementite,
and the darker portions of
pearlite.

F1G6, 70.—White Cast Iron (Longmuir).

Cementite (white), Pearlite (dark).
x 150.

The microscopic examination of metals and alloys has
developed very rapidly in recent years, and is now rccognised
as an important branch of the science of metallography, to which
as a separate subject the reader must be referred.



CHAPTER XI.
SPECIAL OR ALLOY STEELS.

Tre addition of comparatively small quantities of certain
elements to mild steel has resulted in the production of a
number of alloys of considerable commercial importance. The
chief of these alloys, which are named after the added metal,
are the following :—

Nickel Steel for structural purposes contains about0-25 per cent.
of carbon and 8:50 per cent of nickel. The valuable property of
this material is its high ratio of elastic limit to ultimate strength.
Compared with mild steel of the same carbon content, the
ultimate strength is increased about 20 per cent., but the elastic
limit is about 50 per cent. higher. Its great resistance to
fatigue renders it especially suitable for marine shafting, piston
rods, etc. It is harder than carbon steel, and has a lower
coefficient of friction, and has been largely used for the axles
of locomotive engines. The proportion of nickel may be con-
siderably increased, forming valuable alloys for certain special
purposes. Thus, an alloy containing 25 per cent. nickel possesses
the maximum toughness, and offers the greatest resistance to
rusting, corrosion, and burning at high temperatures, and has
proved of advantage in the manufacture of boiler tubes, valves
for use with superheated steam, valves for internal combustion
engines, levers and pins for make and break ignition, and spark-
ing plugs for petrol motors. This steel does not, however, admif
of case-hardening, or of hardening in any other manner. For
valves or other parts, portions of which are to be case-hardened,
the proportion of nickel should not exceed 8 per cent. A nickel
steel alloy containing 86 per cent. of the former metal is known
a8 Invar, and as it possesses the remarkable quality that its
expansion under ordinary changes of temperature is practically
zero, it is in great request for measuring instruments and
standards of length for everyday use.

Chrome Steel is used for ball races and balls of ball bearings,
and in the hardened state, has a crushing resistance of 860 tons
per square inch. Chrome steel usually contains in addition some
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other element, as nickel, tungsten, or vanadium. A nickel-chrome
steel containing 8-25 per cent. nickel, 1'50 per cent. chromium,
and 0°25 per cent. carbon, is much used for armour plates, the
carbon content on the outside of the plate being subsequently
increased to 25 per cent. by cementation, or ‘ Harveyising,”
which, while still bright red hot, may then be rendered intensely
hard by cold water spray. Nickel-chrome steel is the material par
excellence for armour-piercing projectiles, which contain carbon
0°55 per cent., chromium 0'65 per cent., and nickel 2:60 per cent.
Chrome-nickel steel is extensively used for motor-car crank-
shafts, axles, and gears, requiring great strength and toughness.

Mechanical Properties of Nickel and Nickel-Chrome Steels.

Tensile Strength.| Elon-

Tons per 8q. in. | gation t&?i;m
Alloy Steel. Condition. per | e ores

Elastic| Ulti- cent.
Limit. | mate |on 2 ins |P€F ©e0t

o] N Asrolled ... 290 | 440 | 32 54
3%/, Nickel Steel { Oil-tempered | 800 | 835 | 16 | 42
5, w -] Normal ...| 25'5| 380 | 33 60
25°, »w --.| Normal ...| 25600 | 470 | 46 66

Chrome-Nickel—
(Tough) ... ...| Not hardening| 42:0 | 510 | 26 65

. [l Annealed ..| 320 | 510 | 24 | 55
(Case-hardening) {| cue b2y oil 700 | 830 | 13 | 50

. . Annealed ...| 400 | 600 | 24 55
(Airhardening)  {| 47 b donad | 950 (1150 | 18 | 40
Annealed ... 370 | 540 23 56

(Oil-hardening) % Oil-hardened | 92-0 | 1050 9 25
Tempered blue| 820 950 | 11 45

Chrome-vanadium Steel has been shown to possess great
strength, together with the power of resisting sudden shocks and
the effects of rapidly alternating and repeated stresses in a very
high degree. Being as easy to forge and machine as carbon
steel, it has been much used for crankshafts, live axles, gear
wheels, etc., for motor-car work. Chrome-vanadium steel has
proved particularly suitable for springs, having a limit of
elasticity double that of ordinary carbon steel. For this purpose
the composition would be: Carbon, 0-50 per cent.; chromium,
1-0 to 1-25 per cent.; vanadium, 0-18 per cent. ; manganese, 0'8 to

12
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1-0 per cent. Crankshaft steel, to be oil-tempered, is composed
of 025 per cent. carbon, 1'0 per cent. chromium, and 0°18 per
cent. vanadium. Its elastic limit is 50 tons per square inch, and
ultimate strength 62 tons per square inch, the elongation being
22 per cent. on 2 inches, and contraction of area 56 per cent.

Manganese Steel, introduced by Hadfield, contains from 10
to 15 per cent. of manganese, and from 0'4 to 2 per cent, of
carbon. It possesses great strength, reaching 60 to 70 tons per
square inch; but the elastic limit is very low, usually about
80 per cent. of the ultimate strength. Its chief characteristic ie
its extreme hardness, on which account it cannot be machined,
and it is difficult to forge or roll. It casts well, however, so that
its use will probably be confined to articles which have to resist
wear, such as tramway points and crossings, parts of crushing
and grinding machinery, etc.

Tungsten Steel.—It has long been known that the effect of
tungsten is to render steel “ self-hardening,” a property of which
advantage is taken in the well-known ‘‘ Mushet steel, which
may be worked in the ordinary way at a red heat, and becomes
hard when allowed to cool in air, without quenching in water.
As made in Sheffield for many years past, this contains 9 per
cent. of tungsten, with 1:85 per cent. carbon, and 1'5 per cent.
manganese. It is still much prized as one of the best tool
steels for machining with heavy cuts, and it is also largely used
for making permanent magnets. It was whilst experimenting
with this steel that Messrs. Taylor and White, of the Bethlehem
Ironworks, U.S.A., discovered that by a special heat treatment
a tool could be made to retain its strength and hardness by
heating to a yellow heat before cooling. This enables the
cutting speed to be increased to such an extent that the point of
the tool becomes red-hot when at work, i.c., the steel possesses
the property of “ red hardness.” The “ Taylor-White" high-speed
steel is said to have the following composition :—

Per Cent.
Carbon . . . . . . 0-68
Tungsten . . . . . . 1800
Chromium . . . . . 575
Manganese . . . . . 009

Vanadium . . . . . 0-80
Silicon . . . . .. 0'46
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The heat treatment employed consists in raising the steel to a
temperature of 2800° F., and then cooling in a blast of cold
air (see page 124). ‘

It should be understood that the very remarkable properties
of the various alloy steels can only be secured by proper heat-
treatment. This demands great skill and experience, and con-
stitutes one of the most striking applications of metallurgical
science. :

Some useful information on alloy steels is contained in the
following tables, which have been furnished by the American
Vanadium Company, of Pittsburg, U.8.A.:—

(1) Results of comparative tests on different varieties of iron
and steel to determine relative strength and resistance to fatigue.

(2) Composition of chrome vanadium steels.

(8) Mechanical tests of typical alloy steels.
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CHAPTER XII.
THE HEAT TREATMENT OF STEEL.

IN practice, carbon steel is conveniently classified into mild
steel, strong steel, and tool steel. Mild steel containing not
. more than 0-25 per cent. carbon is not appreciably hardened if
heated to bright redness and suddenly cooled by quenching in
water. On the other hand, tool steel containing 07 per cent.
or more of carbon would be rendered very hard and brittle by this
treatment. The degree of hardness produced increases with the
percentage of carbon in the steel, and with the rapidity of cooling.
It is also essentisl that quenching should be done at the correct
temperature which varies with the grade and quality of the steel.
There is for each grade or temper of steel a temperature
limit above which it must not be heated in the hardening process.
Information on this point should always be supplied by the steel
maker, but average values are given in the following table :—

Classification of Steel according to Carbon Content.

“Temper " or Carbon| Tem-
Degrce of Examples of Use. Co;etfnt pg;ﬁ?tre
Hardness. cent. | F.o

— Mild Steel for Boiler Plates . .1 020 | —

— Structural Steel . . . 1026 | —

— Rails . . . . . .1 045 | —
Die Temper . | Springs, sledge hammers, stamping | 070 | 1440

dies.
Sett Temper . | Miner’s drills, &ec., stonemason’s | 0:90 | 1400
tools, smith's tools.
Chisel Temper | Hammers, chisels, woodworking | 1-00 | 1380
tools, saws.
Drill Temper . | Cutlery, knives, scissors, drills, | 110 | 1360
axes, picks, punches.
Turning Tool | Lathe and planer tools, files, taps, | 1-20 | 1340

Temper reamers.
Razor Temper | Razors, surgical instruments .| 1-:30 | 1320




THE HEAT TREATMENT OF STEEL. 121

It is now known that a difference in temperature of 10° F. is
sufficient to account for the difference between good and bad
hardening. It follows that the method of estimating temperature
by reference to colour—as in speaking of white heat, yellow heat,
bright red heat, etc.—cannot be sufficiently accurate, and the use
of gas heated furnaces, the temperature of which is controlled by
pyrometers, has now become general.

Hardening and Tempering of S8teel.—Advantage is taken of the
property just described in the production of edge and cutting
tools of all kinds, and efficient hardening is therefore a matter
of great practical importance. Suppose a piece of tool steel is
heated in a furnace, the temperature rising at a uniform rate
of (say) 20° per minute. On reaching a temperature of about
1840° F., a short period will elapse during which the steel does
not become any hotter, although the temperature of the furnace
continues to rise as before. After passing this critical point,
known as W or Ac,, the temperature of the steel will follow the
same uniform rate of increase as before, and may be allowed to
reach (say) 1400° F. The furnace may now be shut off and, with
the steel, allowed to cool down uniformly at the same rate as
when heated, viz., 20° per minute. @When the temperature
has fallen to about 1280° F., cooling of the steel will be
temporarily ‘‘ arrested " for a short space of time, or it may be
that it actually becomes slightly hotter, in spite of the fact that
cooling down of the furnace proceeds at the same rate as before.
After passing this point, known as V or Ar,, the steel continues
to cool at a uniform rate. This remarkable property is known as
recalescence, and it has an important bearing on the hardening of
steel. The critical heating temperature Ac,, must just be reached
or the steel will not be fully hardened on quenching. Hardening
may also be effected at any temperature during cooling before
reaching the point Ar,. The best practice would seem to be to
heat the steel about 80° F. above the point Ac,, allow it to cool
uniformly to within 80° of the point Ar;, and then quench “ on the
falling heat,” as it is termed. The correct hardening tempera-
ture for any steel may be ascertained from the appearance of the
fracture by quenching specimens at different temperatures. An
extremely fine grain is obtained when the exact temperature has
been reached, the grain becoming coarser as the temperature at
quenching israised. Quenching is best performed in some liquid,
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usually water or oil. Water, having the greatest capacity for heat
of all known substances, produces the greatest hardness. Oil
hardening is resorted to where toughness is more important than
hardness, as in the case of springs, saws, etc. Steel quenched in
water from the proper temperature is glass hard, and is said to
be “ hardened right out.” In this condition it is much too brittle
for any practical purpose such as the point of a cutting tool,
and it becomes necessary to sacrifice some of the hardness in
order to obtain strength and durability. The process of
“tempering " is therefore resorted to, the degree of hardness
being “let down ” to suit the intended purpose. On heating a
piece of hardened steel which has previously been polished, a
series of colours, due to the thin film of oxide which forms upon
the surface, will appear in a certain definite order. The colour
produced is a rough indication of the temperature to which the
hardened steel has been re-heated. If only slightly warmed, it
will be found on again quenching that the steel has lost very
little of its hardness, but the higher the temperature to which
it is raised the less the hardness remaining after sudden cool-
ing. Each eolour roughly denotes the temperature corresponding
to a certain degree of hardness, which in practice may be found
suitable for some particular purpose, as shown in the following
table :—

Table of Colours and Temperatures for Tempering Steel.

Tem- l
Colour. per;‘tgre. Purpose.

Faint Yellow 430 Surgical instruments, razors.

Pale Straw . 440 Turning and planing tools, milling
cutters, hammer faces, paper knives.

Dark Straw . 480 Chasers, taps, screwing dies, shear
blades, rock drills, reamers.

Red Brown . 510 . Punches, reamers, stonemason’s tools,
axes, plane irons, twist drills, pen-
knives, scissors.

Purple . . 540 Chipping chigels, smith’s tools, table
knives, cold chisels, hack-saws.

Blue . . | 560  Swords, springs, saws for wood.
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High-speed Steel.—It will be seen that carbon steel loses its
hardness at about 560° F. When cutting metal in a lathe or plan-
ing machine, the heat developed by friction at the tool point is con-
siderable, and as the temperature must be kept down to avoid
“ drawing the temper,” the speed of cutting is limited. This
led to the introduction of high-speed tool steel which depends
for its properties, not entirely on the amount of carbon contained,
but mainly on the presence of certain other elements, of which
the most important are tungsten and chromium. Such steels
are not hardened in water but in a strong blast of air from a fan.
They are forged at a bright red heat (1600° F.) and for harden-
ing are heated slowly up to bright red and then quickly to a
white heat (2800° F.) or until the steel appears to be on the
point of melting or running. The eritical temperature to which
high-speed steel may be subjected when the tool is at work is
about 1200° F., and the higher the hardening temperature above
this critical point, the higher the temperature which the steel
will endure when cutting. At the high temperature thus possible
and with speeds of 100 to 150 feet per minute, the cutting
removed by a turning tool from a steel shaft smokes and becomes
blue. Under such conditions the point of the tool is dull red
hot, and the heat generated is sufficient to draw the temper of
the shaving to a dark blue. The special characteristic of high-
speed steel is the property of ‘ red hardness,” or the ability to
resist the softening effect due to the heat generated in cutting.
If cooled from about 1750° F. high-speed steel is probably as hard
as it can be made in & cold state. But it does not possess the
property of red hardness, and is probably little superior in
endurance to carbon steel. Its qualities can only be fully
developed by heat treatment at a high temperature. By re-
heating to 2800° F. the cutting properties are increased to at
least four times those of the same steel treated at 1750° F.

The Hardening of Carbon Steel comprises three distinct
operations :—(1) Heating to the recalescence point (say 1800° to
1400° F.) to bring the carbon into the dissolved or hardening
form ; (2) sudden cooling by quenching, to fix the dissolved carbon ;
and (8) reheating, or tempering, to give the required degree of
hardness combined with toughness. In heating, it is essential to
maintain a uniform and exact temperature, for which a gas-fired
furnace is eminently suitable, and the use of a pyrometer is
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indispensable. It is most important that irregularly shaped
articles should be heated uniformly throughout, which is best
attained in the method of heating by immersion in a liquid, the tem-
perature of which can be regulated and recorded with the greatest
ease. The use of molten lead for this purpose is well known, and
more recently a bath of fusible salts has been employed with great
success. For carbon steel the ‘ melt” consists of a mixture of
common salt, soda, and borax, which becomes liquid at & tempera-
ture of 1470° F.and which is contained in a steel pot or crucible
placed in the centre of the furnace. The articles to be heated
are placed on a tray capable of being lowered into, or raised from
the bath as required. By means of a thermo-couple pyrometer
ingerted through the cover of the furnace the temperature may
be read off to 2° F. For quenching, the tanks or *boshes” are
best made with an outer casing or jacket, through which cold
water may be caused to circulate, to keep the liquid itself at a
constant temperature.

Tempering is best performed by immersing the hardened
articles for a given length of time in a bath maintained ai a
definite temperature as required (see table, p. 122), a thermo-
meter graduated to 600° F. being permanently fixed in such a
position that the readings may be readily taken. Qil of high
flash point (say 570° F.) is probably best for temperatures up to
480° F. corresponding to dark straw. Beyond that, a bath of
fusible salts, or an alloy of lead and tin may be used. After
remaining in the bath for a sufficient length of time to acquire the
temperature of the liquid, the articles are withdrawn, usually in a
wire basket or strainer, to receive the final quenching.

Springs are tempered by the process known as ‘blazing off.”
After dipping in oil of suitable flash-point, they are heated until
the oil burns with & white flame, when they are quenched.

The Hardening of High-speed 8teel is effected in two
stages :—(1) heating slowly to bright red, and then rapidly up' to
about 2800° F. ; (2) cooling off in a blast of cold air, or with some
varieties of steel, quenching either in a bath of oil or paraffin
maintained at the proper temperature, or in a “low tempera-
ture melt ” of fusible salts. For heating on account of the high
temperature, it is necessary to use a blast, or *“ high pressure,”
gas furnace, worked with either air or gas under pressure, The
most convenient plan istoemploy gas at ordinary pressure, and air,
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supplied by a positive blower, at a pressure of 1 or 2 lbs. per sq. inch.
The heating, being performed in two stages, is best carried out in
a furnace of the * twin-chamber ” type, as made by Mr. S. N. Bray-
shaw, of Manchester, in which the heat from the lower chamber
passes through the upper one on its way to the flue. The upper
chamber is used to pre-heat the steel to a temperature of about
1600° F. when it is rapidly transferred to the bottom chamber,
in which the hardening temperature of 2800° F. is reached as
quickly as possible. This is done to avoid scaling and decarboni-
sation, which would occur by too long exposure at so high a
temperature. For the same reason, when hardening high-speed
steel it is desirable to work with a reducing atmosphere.

A form of furnace possessing many advantages is one in which
a bath of barium chloride, which melts at 1740° F., is maintained
in & molten condition by means of an electric current flowing
between cast iron electrodes immersed in the salt. The atmo-
sphere i8 entirely excluded from the objects to be heated, and the
temperature is easily adjusted by simply regulating the current.

For quenching, an open bath is used, consisting of & steel pot
in a fire-brick lined furnace, heated by a high-power Bunsen
burner. A low temperature ‘‘melt” of fusible salts such as
nitrates of potash and soda in equal parts has the advantage that
it may be kept at the correct temperature, just above the fusing
point, without the use of a pyrometer. It is claimed that steel
treated in this way is harder and more uniform in texture
than if cooled in an air blast, and the open bath is more
economical, both in first cost and working, than a fan or air
compressor.

Theory of Heat Treatment.—Strictly speaking the hardening
and tempering of tool steel is to be regarded as one form of heat
treatment, and in dealing with that part of the subject, it has been
shown that the condition of maximum strength in steel is identical
with fineness of grain, coarse structure, on the other hand, being
synonymous with weakness. It may be said that the main object of
heat treatment is to reduce the grain of the material to the greatest
possible degree of fineness. Steel has been described as a * solid
solution ” of carbon in jron, and it may be assumed thatiron dis-
solves carbon just as water dissolves salt. Ata high temperature
the carbon is in solution in what is known as the hardening form,
but on cooling down to the recalescence point it can no longer
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exist in this condition, and it separates out of solution, being
thrown down as a definite carbide, FesC, known as cementite.
The celebrated Swedish metallurgist, Brinell, has shown that the
temperature W, at which the carbon passes from the carbide to
the solution or hardening form, coincides with the development
of maximum fineness of grain. The lower limit, V, at which the
carbon changes from the hardening to the cementite form, is
separated from W by a range of 40° or 50° F. These limits, W and
V, coincide with the recalescence points Ac; and Ar; on the heat-
ing and cooling curves respectively. By heating to W, followed by
slow cooling, fineness of grain is retained. Heated to W, and
cooled suddenly also preserves the fineness of grain, but the steel
is fully hardened. It will also be fully hardened if first heated
above W, then allowed to cool down to W, and there quenched ;
but the grain will be coarser than would be obtained by heating
to W and quenching from that temperature.

Above W the grain becomes coarser the higher the temperature
from which cooling takes place, and the slower the rate of cooling
the larger are the grains. At about 2000° F. carbon steel is
“ burnt,” the structure then consisting of large crystals partly
separated from each other by a film of oxide. From this state the
original condition cannot be restored by any form of heat treat-
ment other than re-melting.

Knnealing.—The simplest form of heat treatment is anneal-
ing, the object of which is to relieve internal stresses induced by
the operations of casting, forging, rolling, stamping, wire drawing,
etc. It is well known that the mechanical working of metals,
especially in the cold state, renders the material harder and
stiffer and may even induce brittleness. Bright steel bar for
use in turret lathes and automatic machinery undergoes a process
of drawing to bring it exactly to size and may have its ultimate
tensile strength increased from 26 to 85 tons per sq. inch, elonga-
tion being at the same time reduced from 26 to 16 per cent. in
8 inches. The original condition can be restored by annealing
and the material is then said to be normalised. In this case,
however, annealing would destroy the bright surface of the bar,
and the metal must therefore be left in its untreated condition.
The object of annealing is, in general, to lower the ultimate
strength of the material and to increase the elongation and con-
traction of area, thus producing softness and ductility and the
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ability to offer the maximum resistance to impact and sudden
shock.

Annealing consists in heating the material up to a certain
definite temperature, which is maintained for a sufficient length
of time to liberate any internal stresses, and is generally followed
by slow cooling to retain the finely crysialline structure. Brinell
has shown that the proper temperature for annealing steel is &
low yellow heat slightly above W, i.e., the recalescence point Ac,
on the heating curve, about 1350° F., and that the effects of
mechanical work may be removed by heating through the range
V to W. BSlow cooling is effected by covering with a layer of
ashes or other non-conducting material, or in some cases, simply
in the open air. Steel castings are invariably annealed, usually
in a gas-fired furnace of the reverberatory type, which, after the
requisite heating, is carefully luted up to ensure as slow cooling
as possible. Silver, copper, and certain bronze alloys are
rendered softer and more malleable by rapid cooling. Copper is
annealed by heating to 1840° F. followed by sudden queaching
in water, but it is found that brass used in the manufacture of
cartridge cases may be cooled either suddenly or slowly without
affecting the quality of annealing, the most suitable temperature
being 1200° F.

Carbonising or Case Hardening is a form of heat treatment
designed to produce & hard wearing surface on a tough interior.
The process is applicable to wrought iron, mild steel and certain
of the alloy steels and is in prineiple the same as the cementation
process for the manufacture of crucible cast-steel described at p. 61.
The articles to be treated are placed in a cast-steel box and
packed round with carbonising mixture. The cover is then luted
on, and the box raised to a bright cherry red heat, say 1750° F.,
preferably in a gas-fired oven or furnace, in which a reducing
atmosphere is maintained, the temperature being regulated by
means of a pyrometer. The temperature is kept up for some
time, depending on the depth of * case " required, and the carbon-
ising medium used. The box and its contents are allowed to cool
down before opening, and after cleaning, the articles are ready for
the second operation of re-heating and quenching. The surface
to the depth of ¢4 inch or more has been converted into high-
carbon steel, which is hardened by this latter treatment. The
core in the interior is required to remain tough and fibrous, and
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it is desirable to bring out fully the fine-grained structure by
a second heating to the proper temperature, say 1600° F., followed
by quenching in cold water.

Messrs. Vickers Ltd., of Sheffield, state that a much better
result is obtained by first heating to 1650° F. and quenching in
cold water, then re-heating to 1450° F. and again quenching in
cold water. This gives a fine white glass-hard skin, with a very
tough and fibrous backing.

The case-hardening mixture consists of certain substances rich
in carbon, usually of organic origin, and containing also nitro-
genous matter. The presence of nitrogen appears to be essential,
carbon alone being very feeble in its action. Bone dust, horn,
hoof and hide elippings, scraps of leather and similar substances
are specially prepared by calcination and charring, and sometimes
mizxed with a quantity of vegetable oil. Certain chemicals, such
a8 barium carbonate and yellow prussiate of potash, are also
occasionally added, and this latter substance alone when powdered
and sprinkled upon a surface of wrought iron or mild steel which
has been raised to a cherry red heat, is capable of producing a
very thin casing.

To produce a case-hardened article having a hard skin with an
interior core of tough ductile character capable of resisting
fracture under shock, it is not essential, 88 commonly assumed,
to use very soft steel of low tensile strength. Case-hardening nickel
steel is now produced, giving an exceedingly hard skin with an
interior core of high tensile strength, but at the same time, an
entire absence of briftleness. Messrs. Vickers Ltd., who are well
known asmakers of this and other types of special steel, state that to
obtain a thickness of skin of 4 inch, suitable for gear wheels, etc.,
the articles should be heated to 1750° F. in any commonly used
casing mixture, At the end of 2 or 8 hours the box containing the
articles should be allowed to cool slowly. When cold, they should
be removed and heated in a gas muffle furnace for hardening,
With case-hardening nickel steel, two entirely different results
may be obtained by hardening in cold or in boiling water,
Quenching in the latter gives a rather softer skin, and a much
softer core. For hardening in cold water, the temperature
ghould be raised to 1400° F., the steel removed from the furnace,
allowed to cool a few degrees in the air, and then quenched, To
harden in boiling water, the article is heated to 1450° F., and at
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once plunged into actually boiling water. The results obtained
are shown in the following table :—

Tensile Tests of Vickers’ Case Hardening Nickel Steel.

Elastic | Ultimate | Elonga- | Reduc-
Conditi Limit. | Strength.| tion. tion of
ondition. Tons per | Tons per | Per cent. | Area.
8q. in. 8q. in. | on 2 ins. | Per cent.
Softened for machining . 280 33-0 330 650
Quenched in boiling water 300 365 320 700
from 1450° F.
Quenched in cold water 616 676 160 570
from 1450° F.

The special alloy steels 8o much used in motor car construction,
where it is desired to bring out great strength and toughness,
together with fatigue and shock-resisting properties, are subjected
to a form of heat treatment which must be carried out with great
care and extreme accuracy. For instance, chrome-vanadium
steel for crankshafts is first heated to 1560° F. for § hour, and
is quenched in oil. It then undergoes a process of annealing for
about 8 hours in a bath of molten lead, and is finally allowed to
cool down in lime.

M.T, ’ K.




CHAPTER XIIL
NON-FERROUS METALS.

COPPER.

Or all the metals used in engineering work, copper stands
next in importance to iron. Copper is the only red metal, and
when pure it is remarkable for its extreme toughness, mallea-
bility, and ductility. On this account it has been largely used
for steam and water pipes, hemispherical stills, vats, pans, ete.
* Solid drawn " copper pipes are produced up to about 6 inches
in diameter, larger sizes being made from sheet, bent or hammered
to the required form, and brazed at the joints. Copper is an
excellent conductor of heat and electricity, being in this respect
second only to silver. For this reason copper in the form of
wire is used to an enormous extent in electrical engineering. It
remains unaltered on exposure to air free from carbon dioxide
and other acid vapours; but when these are present a coating
of basic salts of a beautiful green colour is formed upon the
surface, rendering the metal almost indestructible. Sheet copper
a8 a roofing material takes high rank, as it may be easily
adapted to any shape, and is very light. Copper can be forged
at a red heat, but will not weld. It melts at 1900° F., but
copper castings are very liable to be blown and to contain
cavities due to the presence of oxide. Copper rapidly loses
strength at moderate temperatures, and is not suitable for use
with high-pressure steam. Nevertheless, by reason of its high
thermal conductivity and ability to resist corrosion, it is in great
demand in this country for the fireboxes of locomotive engines.
It is in the production of a large number of useful alloys, which
will be considered later, that copper finds its most important
industrial application.

Occurrence and Reduction of Copper Ores.—Large masses of
native copper are found in the Lake Superior district, and in the
form of grains distributed throughout the rock it occurs in Chili
and in Cornwall. The most important ore is copper pyrites,
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which has the composition CusS, Fe;8s = CuFeS,, and is found
in great abundance in Cornwall, Sweden, Germany, and the
United States. Extensive deposits of red and black oxides also
occur in Cornwall, Australia, and elsewhere. The ore raised in
Cornwall is sent to South Wales to be smelted, the method of
reduction being in consequence known as the Welsh process.

F1G. 71.—Copper Smelting Furnace.

It comprises six distinct operations, all of which are carried out
in reverberatory furnaces of the type shown in Fig. 71. The ore,
which contains 10 or 12 per cent. of copper in the form of
sulphide, is first calcined at a low temperature, the charge being
introduced through hoppers in the roof of the furnace. A large
quantity of sulphur is driven off, and the roasted ore is raked
out into a chamber below the furnace and allowed to cool.
K2
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The chemical reaction which occurs may be represented as
follows :—

2 CuFeS; + 6 O3 = Cug0 + Fey05 + 4 SO,

At the same time, the bisulphide or iron pyrites, FeS,, present
in the ore, is reduced to ferrous sulphide, thus :—

FeS; 4+ 03 = Fe8 + S0,.

In the second operation, the roasted ore is fused with a quantity
of slag from the fourth stage, fluorspar being added as a flux,'if
necessary. The oxide of copper reacts upon the sulphide of iron,
forming sulphide of copper and oxide of iron, which latter,
together with that produced during roasting, combines with the
flux to form slag, thus :—

2 Cug0 + 2 FeS 4 8i0; = 2 CugS + Si0y. 2 FeO.

The * regulus,” consisting of sulphide of copper and sulphide of
iron from the ore, collects at the bottom, with the slag floating
above. This ore furnace slag, as it is termed, is skimmed off by
means of a rabble and drawn out into a bed of sand. The
regulus is then run out into a trough of water below the furnace
for granulation, or into a bed of damp sand, when it is known as
‘““coarse metal.” In the third operation, the coarse metal is
broken up and roasted with slag from the fifth process in the
calcining furnace, with repeated puddling of the charge. In the
fourth operation the roasted coarse metal is fused with slag and
oxidised ores in the ‘ metal furnace,” the same reaction between
the sulphides and oxides taking place as in the first operation.
The object at this stage is to get rid of the iron, leaving a rich
“matte” which is mainly copper disulphide, known in smelting
works as ‘‘ white metal.” The metal furnace slag formed at the
same time may contain 5 or 6 per cent. of copper which, as
already described, is recovered in the second operation. In the
fifth stage, fine metal in the form of pigs from the previous
operation is roasted by exposing it when molten to the action of
a strongly oxidising atmosphere in the calcining furnace, thus :—

2 CugS + 8 O3 = 2 Cuy0 + 2 SO,.
The slag is repeatedly skimmed off, and a violent ebullition takes

place, sulphur dioxide being liberated by the action of the oxide
on the sulphide :—

2 CugO + Cus8 = § Cug + S0,
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The metallic copper so formed is run off into sand moulds, and
cast into pigs. After solidification, the resulting metal is found
to be full of blowholes and to have a blistered appearance due to
the escape of sulphur dioxide, whence it is known as “ blister
copper.” 'The sixth and final stage i3 that of refining and
toughening. A charge of blister copper is melted on the bed of
the refining furnace, skimmed, and worked as clean as possible
by exposure to an oxidising flame for several hours. The object
is to remove the more readily oxidisable impurities in the form
of oxides, especially bismuth, antimony, tin, lead, and arsenic.
These are accompanied by a certain amount of copper which has
been oxidised to cuprous oxide, and together go to form a slag
with the silica from the sand bottom of the furnace. Unfor-
tunately some of the cuprous oxide is at once dissolved in the
molten copper, and to effect its removal, the process known as
“poling” is resorted to. After removal of the slag, the surface
is covered with powdered charcoal, and the metal stirred
vigorously by means of a birch pole. This sets up a violent
ebullition due to the escape of steam and gases, thus bringing
the cuprous oxide into intimate contact with carbonaceous
matter, and reducing it to metallic copper with the disengage-
ment of carbonic oxide. A test of the metal is repeatedly taken
in a small iron ladle, and when it forges ‘soft,” and may be
hammered out flat without cracking at the edges, it is said to
have reached ‘tough pitech.” It is then ladled out of the
furnace into cast iron moulds in the form of either ingots or
slabs, which, when solid, are dropped into water.

At Mansfeldt in Prussia, in Tasmania, and also in America,
oxides and carbonates of copper are smelted in water-jacketted
blast furnaces, with coke as fuel, and a suitable flux, such as
oxide of iron to form slag with the silica.

Blast Furnaces for Copper Smelting for the production
of “matte” from pyritic ores, or of *black copper” from
carbonates and oxides, may be made of circular form for treating
small quantities not exceeding 80 tons of ore in twenty-four hours.
It has, however, been shown by experience that 24 inches is about
the limit of penetration of the blast under normal conditions,
and consequently circular furnaces should not be made more
than 48 inches in diameter. For dealing with large quantities,
the rectangular furnace has been adopted, of which an example,
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made by Messrs. Thwaites Bros., Ltd., of Bradford, is shown in
Fig. 72. This furnace, which has a smelting capacity of 125 tons

F1a. 72.—Rectangular Blast Furnace for Copper Smelting.

of pyritic ore per twenty-four hours, is fitted with a water-jacket
of steel plates, the upper portion, supported on a mantle frame
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resting on pillars, being lined with brickwork and surmounted
by a conical hood terminated by a steel chimney stack to carry
away the products of combustion. The main blast or * bustle "
pipe is independently connected with each of the 12 tuyeres,
which are arranged 6 on each side of the furnace, and each
tuyere is provided with its own regulating valve, so that any one
can be closed without interfering with the others. The charging
doors of plate iron are counterbalanced, and are placed on each
long side of the furnace. The furnace is provided with a cast
iron bottom or * crucible” mounted on screw jacks, and for
easy removal it may be lowered on to a wheeled truck, Fig. 73,

F1a. 73.—Bottom for Copper Smelting Furnace.

and rolled out of position when a new bottom is to be substituted.
The crucible is fitted with slag and matte spouts, which are
sometimes water-jacketted. As the specific gravities of the
matte and slag do not differ greatly, some time must he allowed
for their separation. This may be effected either inside or
outside the furnace. For smelting black copper or rich mattes
the crucible is made deeper to allow the slag to collect, the
matte and slag being tapped direct from the furnace through
two tap holes at different levels. Mattes containing a low per-
centage of copper have a highly corrosive action on the bottom,
and it is therefore preferable to provide a * forehearth” where
the separation of the matte and slag can take place outside the
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furnace. In this case, the crucible is made shallow and is
provided with & water jacket, the products of smelting passing
away by a syphon spout to the forehearth, which is thickly lined
with firebrick or magnesite, and mounted on wheels for ready
removal. The blast, at a pressure of about 1 1b. per square inch,
is supplied either by a fan or a Roots’ blower.

The Wet or Leaching Process is used at Rio Tinto in
Spain for ores in which the copper is present as carbonate or
oxychloride, in a gangue of siliceous material. The ore is broken
to pieces and is placed in the leaching vats, which are usually
of wood lined with lead, and measure about 12 feet square and
4 feet deep. Dilute sulphuric acid is then run in, and is kept in
circulation until solution is complete, heating by steam being
resorted to if necessary. The chemical action is as follows :—

CuCOs 4+ H380, = CuSO, 4+ CO; 4+ OHa.

Copper may also be converted into sulphate by calcining ores
containing pyrites at a low temperature :—

2 Cllns + 5 Oa = 92 00804 + 2 CuO.
4FeS +702=2F6203 +4SOQ.
2 CuO + 2 SOQ + 02 =2 ClISO4.

The solution of copper sulphate is conducted to precipitating
vats, where the copper is thrown down by means of scrap iron.
After emptying the vat, the finely divided copper is washed into
a settling tank, where it is drained and dried. The * copper
precipitate ”’ is then sent to the smelter, to be fused and
refined.

Impurities in Copper.—The chief varieties of commercial
copper are known as (1) * Best selected ™ copper, prepared from
the purest materials, and specified to contain traces only of
arsenic and antimony, bismuth being absent; (2) T'wugh Cake,
the ordinary copper of commerce, containing as much as 0'8 per
cent. of arsenic and a quantity of other impurities; (8) Chili
bars as imported in ingots weighing 2 cwts. gach, which require
refining, often containing as much as 1 per cent. of sulphur and
2 per cent. of other impurities ; (4) Electrolytic copper, which is
very pure. The impurities present in ordinary copper are
arsenic, antimony, bismuth, lead, nickel, tin, and oxygen in the
form of cuprous oxide. For most purposes, impurities, if present
in small quantities, appear to have a beneficial effect rather than
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otherwise. Thus, arsenic hardens copper, and increases its
tensile strength, and for locomotive firebox plates and boiler
tubes it may reach from 0'2 to 0'8 per cent. with advantage.
Bismuth, on the other hand, is an exceedingly deleterious con-
stituent, about 0'C5 per cent., making the copper so brittle that
it becomes quite unworkable either hot or cold. Antimony has
a very similar effect to arsenic, but the best quality copper never
contains more than a trace. Cuprous oxide, if dissolved in large
quantity, produces excessive brittleness. It is found, however,
that if in the poling process the last traces of oxygen be removed,
the metal loses its toughness and becomes dry and brittle. It
is then said to be “ over poled.” For electrical purposes, it is
especially necessary that copper should be pure, as an exceedingly
small proportion of impurities will cause a remarkable falling off
in conductivity. Electro-refining was at one time largely
adopted, a successful process being that of Elmore, as used
at the Yorkshire Copper Works, Leeds. The copper was
deposited in the form of tubes, which were made up to 4 feet
in diameter and 18 feet long. For this purpose, mandrels of the
same diameter as the inside of the tubes to be produced were
connected to the 4 pole of a dynamo and made to revolve
constantly in tanks containing a solution of 15 per cent. copper
sulphate and 5 per cent. sulphuric acid, anodes of pure copper
being arranged alongside them. Agate burnishers, held in wood
supports and fitted to a frame placed transversely over the tank,
were caused to travel automatically up and down the whole
length of the tube during the time the operation of depositing
was in progress. This burnishing was intended to give the
tubes a more uniform densily, leaving a perfectly smooth surface,
and was claimed to be the cause of the high tensile strength
which the deposited copper possessed. Before being placed in
the vats the mandrels were covered with black lead to facilitate
removal of the finished tube. Not the least profitable feature of
this method of refining is the value of the sediment or * slime ”
which remains in the cisterns, and which has been found to
contain as much as 250 ounces of gold to the ton of residue.

The electrolytic process has proved exceedingly valuable for
the production of drying cylinders, calico-printing rolls, paper
machinery, pump liners, hydraulic ram covers, etc. Experience
on board ship has unfortunately shown that electro-deposited
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pipes, carrying high pressures, are scarcely more reliable than
brazed ones. The material is subject to a want of uniformity
in structure, being amorphous in some places although quite
fibrous in others, and tests have shown that the ductility in
a circumferential direction is much less than longitudinally.
On the other hand, although chemical purity is of great impor-
tance where electrical conductivity is the chief require-
ment, it is found that pure copper has comparatively little
resistance to wear, and would suffer severely, for instance,
under the erosive action of small particles of fuel and ash
moving with considerable velocity under the action of a
powerful blast in a locomotive boiler. The addition of a small
proportion of arsenic, not exceeding 0'85 per cent., is sufficient
to effect & very great increase in durability under such circum-
stances.

Copper to be made into plates is first cast into slabs, which are
rolled out partly while still hot, the operation being completed
subsequently by a certain amount of rolling when cold. The
quality of the plate is greatly influenced by the amount of work
put into the metal during the latter part of the process, and it
may be said that unless subjected to mechanical work of some
kind or other, copper in any form is of very little service. 'When
hammered or worked cold, copper tends to become hard and brittle,
losing its ductility to some extent. All plates, rods, tubes, etec., of
copper must be therefore thoroughly annealed before use. This
is usually effected by heating to a bright red, the pieces being
kept at the annealing temperature for a few minutes, and then
quenched in water. It would appear that very little difference
is made by sudden quenching in water, or by allowing the metal
to cool down slowly. During the process of drawing into wire,
copper must be annealed to avoid fracture.

Copper should not be heated in a reducing atmosphere, such as
coal gas, or carbon monoxide produced on the brazing hearth
with a slow fire and an insufficient supply of air. Under such
conditions, the metal may be ‘‘ gassed,” or “ burnt,” becoming so
brittle that fracture occurs with the slightest bending. It is pos-
sible that the same deterioration may occur under similar condi-
tions in actual use,and this action is in all probability the cause of
most of the disastrous accidents which have occurred with brazed
steam pipes, ete. Prolonged heating at a high temperature will
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also produce brittleness, which has been shown by microscopic
examination to be due to very coarse crystallisation.

The alloys of copper are of great 1mportance, and are
extensively used in engineering work.

TINC

Tin is a white, highly lustrous metal. It melts at a much
lower temperature, viz., 450° F'.,, than any other common metal,
and it is a poor conductor of heat and electricity. Its tensile
strength is very low, reaching only about 2 tons per square inch,
but it is very malleable, and may be beaten out into * foil "’ of a
thousandth of an inch in thickness. On account of the high
price of tin, however, the * tin-foil,” or * silver paper,” of com-
merce, 80 much used a8 a covering for chocolate, soap, tobacco,
ete., generally contains a very large proportion of lead. Used
alone, tin possesses the valuable property that air, whether moist
or dry, has no action upon it at ordinary temperatures, neither
is it affected by animal or vegetable acids. Hence, thin sheet
steel coated with tin, and known commercially as tin plate, or
sheet tin, is extensively used for canning articles of food, and for
the manufacture of vessels for cooking and dairy purposes.

Tin is smelted almost entirely from tinstone (stannic oxide,
Sn0O,), which occurs largely in Cornwall, Straits Settlements
(Banca), Australia, Mexico, etc. The ore is first roasted, arsenic
and sulphur being driven off in the form of oxides, and any
copper converted into sulphate. After moistening, the mass is
allowed to remain for several days with the object of producing
other soluble sulphates. These are dissolved out by thorough
mixing with water in a large tank, stannic and ferric oxides
being deposited. The latter, being lighter, is separated by
further stirring and washing, black tin in the form of oxide
remaining. The tin oxide is reduced by heating with about
20 per cent. of powdered anthracite in a reverberatory furnace,
lime being added as a flux. The action is as follows :—

2 SBOQ + Cg = Sng + 2 COg.

The metal is run out into moulds, and the pigs are subsequently
subjected to a refining process, known as * liquation,” by melting
on the hearth of a reverberatory furnace.

Tinning.—A peculiar property of tin is utilised in the manu-
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facture of tin plate. If a perfectly clean surface of wrought iron
or mild steel be dipped into a bath of molten tin maintained at
a temperature somewhat above the melting point, the tin will
combine with the iron forming an alloy at the surface, on which
a thin coating of tin is readily deposited. Brass and copper
articles which have been thoroughly cleaned and heated slightly
above the melting temperature of tin may be coated by first
sprinkling the surface with powdered ammonium chloride before
wiping over the molten metal with a piece of tow.

ZINC.

Zino, known commercially as ‘ spelter,” is, next to iron, the
cheapest of all metals. It is crystalline and brittle, but at about
220° F. it becomes malleable, and may be rolled into sheets,
which are usually made about 6 or 8 feet long and 8 feet wide.
In this form it is largely used for roofing purposes, being only
slightly affected by atmospheric influences. At a higher
temperature, about 400° F., it again becomes brittle, and may
be granulated or powdered. It melts at 770° F., and being very
fusible, may be readily cast into ornamental tiles, ridge crestings,
ete.

Exposure to air causes a film of insoluble carbonate to form
upon the surface, protecting the metal from further oxidation.
As a protective coating for ironwork, zinc is to be preferred to
tin. The process of covering iron with zinc is known as
galvanising. The articles are first pickled in dilute acid, and,
after washing, are dried, and then dipped in a bath of molten
zinc, which is covered with a layer of sal-ammoniac to act as
a flux. Corrugated iron for roofing, ete., is produced in
this way. Cold galvanising, or electro-zincing, is also resorted
to in special cases. Galvanised iron is rapidly attacked by sea
air, or by the sulphurous vapours of large towns. Unlike tin,
zine is soon destroyed by both acids and alkalies, and cannot
therefore be used for canning food, etc. Zine white, or oxide of
zine, i8 now very largely used as a base for oil paint, and being
non-poisonous, is much to be preferred to white lead for this
purpose.

The chief ores of zinc are calamine, which is an earthy
carbonate, ZnCQs, and blende or black jack, which is the sulphide,
ZnS. 'The former is found in Belgium and Silesia, and to some

”
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extent in North Wales and Cumberland, whilst blende occurs in
Russia, Silesia, North Wales, Derbyshire and Cornwall. The
ores are first roasted to convert them into the oxide, which in
the case of calamine is easily accomplished as follows :—
ZnCOg = ZnO + CO,.
Blende is roasted at a higher temperature, and with an abundant
supply of air
27Zn8 4+ 803 =2 7Zn0 4 2 SO,.

The extraction of the metal is effected by reducing the oxide
with excess of carbon in closed fireclay retorts or muffles at a

temperature about boiling point, the metal being vapourised
and condensed in fireclay receivers. The action is as follows :—

Zn0 + C.= Zn + CO.

The metal is scraped out of the condensers in a molten state,
and is found to contain several impurities, principally lead,
sulphur, iron, cadmium, and arsenic. Purification is effected by
fusion in a reverberatory furnace, when the lead separates and
sinks to the bottom, and by subsequent re-distillation.

LEAD.

Lead is the softest of all metals used in the arts, and is also
the heaviest of the baser metals. It melts at about 650° F. and
volatilises at a white heat. As it contracts considerably on cool-
ing, it is not adapted for casting in the unalloyed state. It is
very malleable, and may be beaten out to any desired shape, but
is wanting in tenacity, and is easily torn. On exposure to the
air, it behaves much in the same way as copper and zinc, and in
the form of sheet is a valuable roofing material. Sheet lead is
made by casting a block 5 inches or 6 inches thick of about &
tons weight, which is then rolled down to the required thickness
in a rolling mill. The thickness of this “milled” lead is
expressed as the weight in lbs. per square foot. It is obtainable
in widths from 5 to 8 feet, and in length up to 10 or 12 yards.
It is extensively used for flats, gutters, ridges, and flashings in
roof work, and for lining vats and cisterns. The ability of Jead
to flow under pressure is very striking, and advantage is taken
of this property in the covering of electric cables, and in the
manufacture of lead pipes and rods, which are ‘‘ squirted” in
a semi-molten condition from a hydraulic press, in a manner
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to be described later. Lead pipe being very easily bent and
jointed, is universally employed for domestic purposes. ILead is
readily attacked by soft or distilled water, from which lead
poisoning may result, as all soluble compounds of lead are highly
poisonous. With river or spring water, the small amount of
sulphate present produces a deposit in the form of a very thin
film of insoluble lead sulphate which protects the metal from
further action. The thickness of lead pipe is usually designated
in lbs. per yard, or in lbs. per “length.” Up to 1 inch diameter,
a length is 15 feet, from 1 to 2 inches diameter, it is 12 feet, and
over 2 inches, 10 feet. Soil pipe is made from 2 to 6 inches
diameter, and the thickness is specified as equal to so many lbs.
sheet lead. Pipes of rectangular section are also manufactured.

Dilute acids have very little action upon lead, which in con-
sequence plays an important part in many branches of chemical
industry, as for example, in lining chambers for the manufacture
of sulpharic acid. One of the chief uses of the metal is in the
production of the plates for electric accumulators. White lead,
(which is the basic carbonate of the metal,) although highly
poisonous, is8 most extensively employed as a base for oil paint,
and as a cementing substance for making pipe joints. Red
lead, or minium, (PbgO,) is also used in mixing paint, and for
making watertight joints in metal work.

The most widely distributed ore of lead is galena, or lead
sulphide, PbS, which occurs largely in North Wales, Derbyshire,
Spain, and Germany. It is usually mixed with quartz, fluorspar,
and barytes, and often contains silver, the ore being then
described as argentiferous. During smelting, the silver is taken
up by the lead, and if not less than 8 ounces to the ton be
present, the rarer metal may be profitably extracted. The only
other ore of lead of any importance is cerusite, or white lead ore,
which is a carbonate, PbCOg, found in Colorado, and at Broken-
hill in Australia.

In Flintshire and Derbyshire, and in Spain, the reaction pro-
cess of smelting galena is employed. By calcining the ore, the
lead sulphide is partly converted into oxide and partly into
sulphate, with evolution of sulphurous oxide, SO,, thus :—

2 PbS 4+ 8 03 = 2 PbO + 2 SO,.
PbS 4+ 2 0 = PbSO,.
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On further heating, the unaltered sulphide reacts upon the
oxide and sulphate produced by roasting, the sulphur and oxygen
combining to form 80, leaving metallic lead thus :—

2 PbS + 4 PbO = 8 Pby + 2 SO,.
PbS + PbSO, = Pby + 2 SO,.

The operation is conducted in a reverberatory furnace, known as
the Flintshire furnace. In America and in Germany, a reduction
process is largely used, granulated iron, or iron slag, being added
to the charge, which is smelted with coke or charcoal in & blast
furnace. The action, which takes place at a full red heat, is as
follows : —

2 PbS + Fey = Pb; + 2 FeS.

White lead ore is first roasted, the carbon dioxide being driven
off, leaving lead oxide—

PbCO; = PbO + CO,.

The oxide so formed is then mixed with furnace slag or pyrites
cinders, and a suitable fluxing material, such as lime, and is
smelted in & blast furnace with cokeas fuel. Reduction is partly
effected by carbonic oxide, and partly by iron, the latter in the
form of oxide combining with silica and passing into the slag,
thus :—

PbO 4 CO = Pb + CO,.

2 PbO + Feg 4 Si03 = Pby + 2 FeO, SiO,.

In the ore hearth process, used in the north of England, and in
Scotland, the reaction and reduction methods of extraction are
made use of simultaneously. Blast is supplied through a single
tuyere at the back of the hearth, and oxidation is effected by the
excess of air blown in, and by exposure of the charge on the
“ workplate.” The oxide so formed reacts on the remaining
sulphide as before, and is to some extent reduced directly by
the carbon of the fuel.

ALUMINIUM.

Aluminium in the unalloyed state is too weak and soft for
most practical purposes, having about the same strength as zine,
and in hardness, coming between tin and zine. Itisof a lustrous
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white colour, does not oxidise or tarnish on exposure to the air,
and is capable of taking a fine polish. It is, however, attacked
by most acids and even to some extent by boiling water, and
alkalies readily dissolve it. It melts about 1160° F., and its
conductivity for heat and electricity is very high. Its most
striking characteristic is extreme lightness, being nearly three
times lighter than iron. As it occurs in nature even more
extensively than iron, and does not suffer from corrosion, it was
at one time regarded as a likely substitute for steel for construc-
tive purposes. Although the price has been considerably reduced,
and is now about the same as that of tin, these expectations have

F1e. 74.—Thermite Welding Process.

not been fulfilled, the new metal being deficient in strength and
reliability. It is useful in special cases, where lightness rather
than strength is the chief desideratum. In the form of sheet it
is used in place of stone for lithographic work, and when alloyed
with copper or nickel is extensively employed for gear boxes and
crank chambers of motor cars. It is very malleable, and is said
to be exceeded only by gold and silver in this respect. In the
soft state, it can be spun, stamped, or pressed into almost any
shape required, which property has been utilised in producing
cooking utensils, and domestic and fancy articles of all kinds.
It is troublesome to work, and can only be turned, drilled, or
machined with difficulty, and by the use of special methods. It
may be cast either in sand or metal moulds, but the contraction
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or shrinkage is considerable, being about twice that of brass, and
sound castings are not easy to obtain. Aluminium has been
successfully used in steel manufacture, for the purpose of
preventing porosity, and the heat evolved by the burning metal
has been turned to account by adding a small quantity from
time to time to a ladle full of molten cast iron which it is desired
to protect from excessive cooling.

The same principle has been applied in the The:/mite Welding
Process of Dr. Goldschmidt, introduced into this country by
Thermit Ltd. of London, and extensively used for joining
tramway rails, repairing broken shafts, cast steel parts, etec.
A mould, A (Fig. 74), of fireclay or other refractory material
is formed on a plate, B, round the joint to be made. A
crucible, E, of conical form, carried on a tripod, is arranged im-
mediately over the pouring gate, C, of the mould. The crucible
is lined with magnesia, and is fitted at its lower end with a block
of magnesia stone, inside which is a renewable tube or thimble of
the same material. In the bottom of the crucible is placed an
asbestos washer, on which is laid a small disec of iron. This is
covered with a thin layer of magnesia sand to form a sort of
stopping, F, which can be easily penetrated by the tapping pin,
G, when the lever, H, is depressed. Finely divided aluminium
intimately mixed with iron oxide is charged into the crucible, and
is ignited from the top by means of a fuse of barium oxide and
powdered aluminium into which a red hot iron is inserted.
When the reaction is complete, so great is the heat produced,
that on tapping the liquid * thermite” into the mould, the ends
to be joined are raised to welding temperature in about a couple
of minutes. The slag formed in the crucible during the reaction
is utilised as a heat-retaining covering, and for this purpose is
allowed to overflow through the opening, D, immediately over
the joint.

The chemical reaction occurring is simply

Alg + F(‘/‘Os = AlgOa + Feg.

Aluminium exists very abundantly in nature in the various
modifications of clay, and as silicate in felspar, granite, porphyry,
ete. It also occurs in emery and corundum (Al;Og), and with
sodium, as a double fluoride (Al;Fs. 6 NaF) in cryolite, large
deposits of which are found in Greenland. Aluminium is now

M.T. L
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produced entirely by electrolysis, the process used in many parts
of the world being that due to Héroult. The metal is obtained by
decomposing alumina (AlgOg), which, however, remains infusible
at extremely high temperatures, and which must therefore be dis-
solved in some substance capable of being melted and retained in
the liquid state by the heat of the electric current. Héroult showed
that this could be effected by using a solution of alumina in a
mixture of sodium and aluminium fluorides. At Foyers, in Scot-
land, the process is being worked on a large scale, over 8,000 H.P.
being obtained from the celebrated falls adjoining. The -
alumina used is a very fine clay known as bauxite, which is
brought from Larne, in Ireland. This is fused with natural
cryolite in a crucible of highly refractory material, carbon being
invariably selected. The carbon crucible, enclosed in an iron
- casing, forms the cathode, and into it may be lowered the anode,
consisting of a number of rods of gas retort carbon. With the
poles in contact, cryolite is thrown in, and the current being
switched on, the anode is raised. As the salt is fused, more is
added until the proper quantity is reached, when the alumina is
stirred in, and the bath covered with a layer of charcoal. The
alumina is now decomposed into its constituent elements, and
as the temperature of the bath is about 1700° F., the molten
metal sinks to the bottom, and is tapped out. The oxygen set
free at the same time, unites with the carbon of the anode to
form carbonic oxide, which burns upon the surface. The amount
of energy required to liberate 1 1b. of aluminium is about 5§ H.P.
hours, and practically noloss of metal due to volatilisation, or in
the form of slag, occurs. Only a low voltage is necessary, about
2'8 being theoretically required.

ANTIMONY.

Antimony may be regarded as one of the minor metals,
being used only in the preparation of alloys. It is a lustrous
bluish-white metal, highly crystalline, and exceedingly brittle.
It melts at 1120° F. and expands on solidification, the surface
acquiring a peculiar fern-like appearance. Itis the most electro-
negative element, and finds an important use for thermo-electric
purposes. The only ore of any consequence is stibnite or
antimony glance, SbySs, almost the whole of which is raised in
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France and Italy. The sulphide is reduced by heating with
metallic iron in crucibles :—

SbyS; + 8 Fe = 8b; 4+ 8 FeS.

Any slight excess of iron dissolves in the antimony, and the
crude metal is purified by fusion with more stibnite and common
salt or potash as a flux.

NICKEL.

Niokel is a yellowish-white metal, rather harder than copper,
and of about the same strength, but somewhat less ductility. It
closely resembles iron in several of its properties, being malleable
and weldable, and perceptibly magnetic, but unlike iron it is
little affected by dilute acids, is far less readily oxidisable, and
deteriorates much less rapidly under atmospheric influences.
For this reason articles of iron and steel are frequently nickel-
plated to protect them from rusting. Nickel melts at 2640° F.,
but in the pure state it is difficult to cast on account of the
gases evolved in cooling. This is prevented to a considerable
extent by the addition of a very small quantity of magnesium,
which also has the effect of increasing the malleability of the
metal. Nickel treated in this way is much used for cooking
utensils, and other vessels for heating and boiling. The only
ore of nickel worked for that metal alone, and on which the
supply at present mainly depends, is a silicate known as
garnierite, found in large quantities in Nova Scotia. It is reduced
in a small blast furnace, using gypsum or alkali waste as a flux.
The resulting matte is a mixture of nickel and iron sulphides,
from which the iron is removed by taking advantage of its superior
affinity for oxygen by alternate roasting and fusion in a reducing
atmosphere, a8 in copper smelting. The iron oxide produced
combines with the silica and escapes as slag, the nickel sulphide
being subsequently roasted to oxide, and reduced by strongly
heating with lampblack and oil. Perfectly pure nickel can only
be produced by means of & wet process, during which the various
impurities are precipitated in turn.

L2



CHAPTER XIV.
COPPER-ZINC ALLOYS.

Brass is an alloy of copper and zine, but small quantities of
other metals, notably tin and lead, are sometimes added for
special purposes. Copper and zinc alloy well in proportions
ranging from 90 to 40 per cent. of the former metal. The
brasses will thus be found to possess widely differing properties,
which are clearly shown in the accompanying figures. Regarded
as a mechanical mixture, it might be expected that the specific
gravity, G, of an alloy composed of two metals of specific gravities
g1, and gy, respectively, in the proportion of pi, and p;, per cent.
would be found by the formula

G = (91 X 1) + (93 X pa)
- 100

The value of G does not, however, appear to follow any regular
law, being sometimes greater, and sometimes less, than the
average indicated by the formula, as shown by the curve,
Fig. 75. It may be said that most of the properties are increased
as zinc is added, reaching a maximum and then suddenly falling
off. The maximum tensile strength, which for cast brass may
be about 22 tons per square inch, is reached with 55 per cent.
of copper, Fig. 76. Ductility as represented by elongation is at
& maximum with about 70 per cent. of copper, Fig. 77. This
explains why an alloy of 70 per cent. copper and 80 per cent.
zine is generally regarded as the strongest and most useful of
the brasses. This alloy has been adopted as the Standard Brass
for rolling into sheets, or drawing into tubes for locamotive and
other purposes where the highest quality is required with the
maximum resistance to corrosion. The tensile strength falls off
very rapidly with increase in the amount of zine, and a brass
containing from 60 to 70 per cent. of zinc is extremely weak.
With a little less than 70 per cent. copper a point is reached
where there is danger of the separation of the first eutectic, with
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consequent loss of ductility. With proportions between 60 and
45 per cent. copper, the alloy again solidifies as a whole, until
when the latter is reached, a second eutectic separates out. To
this group belongs yellow metal, or Muntz’ Metal, which contains
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60 per cent. copper and 40 per cent. zinc, and which may be
rolled at a red heat. Itsaverage tensile strength is about 22 tons
per square inch, and as it is little affected by salt water it is much
used for the manufacture of ship’s fittings.

The freezing point curve for the brasses is given in Fig. 78,
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those portions of the diagram where eutectics are formed being
shown shaded, It has been proved that eutectics which are
more fusible than the mass of alloy in which they occur are
gources of weakness, and in the case of eutectics with com-
paratively high melting points, considerable diminution in the
ductility of the alloy is sure to occur, even if the strength be not
markedly affected. It is therefore of importance to note that all
the practically useful brass alloys fall within the limits of the
unshaded portions of the diagram where the metal solidifies as
a whole.

Influence of Impurities, and of Metals sometimes added to
Brass.—As copper usually contains traces of arsenic, antimony,
and bismuth, and as iron and lead may be similarly derived
from the zinc, the effect of these impurities on brass should be
noted. Bismuth, Antimony, and Arsenic, in the order named,
exercise a very injurious influence on brass, rendering it hard
and brittle, and liable to crack on rolling. None of these metals
should be present in greater proportion than 0-01 per cent. Lead
is frequently added to brass to the extent of 2 or 8 per cent., with
the object of making the metal softer, and easier to turn or
machine. At the same time, it reduces both strength and
ductility, especially when cast. Tin in small quantity hardens
brass, and somewhat increases the strength, but with loss of
ductility. “ Naval brass” used by the Admiralty for condenser
tubes is composed of copper 70, zinc 29, and tin 1 per cent. It
is doubtful if the use of this small quantity of tin is attended
with any real advantage. Phosphorus, manganese, and silicon
are sometimes added to brass, and seem to act by removing
oxide of copper which is often found mixed with copper, rendering
it “dry” and brittle. By deoxidising the copper, the density and
homogeneity of the alloy are considerably increased. Manganese
bronze (or more correctly speaking, manganese brass) is obtained
by adding manganese to ordinary brass, the following being the
composition for maximum strength : Copper 60, zine 85,
manganese 5 per cent. It can be forged and rolled hot, and
has a tenacity of from 24 tons per square inch when cast, to
about 80 tons per square inch after rolling. Delta Metal is
brass to which a small proportion of iron has been added.
Mr. Alexander Dick, who first produced delta metal (so called
after the initial letter of his name) discovered that iron dissolves
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to a considerable extent in molten zine, forming a hard alloy.
The iron in delta metal is introduced by adding this alloy to
copper in the proper proportion. It is believed that the presence
of the iron prevents the formation of a eutectic which would
otherwise separate out at a comparatively low temperature.
The alloy possesses & fine golden yellow colour, and is of
exceptional strength and toughness. It can be melted with
great facility, and produces perfectly sound and homogeneous
castings. It becomes soft and highly malleable at a dull red
heat, and may be readily forged, rolled, or stamped. The
strength when cast ranges from 25 to 40 tons per square inch
according to its composition, and the elongation from 85 to 15
per cent.on an original length of 8 inches. It is not attacked
by sea water, and is therefore much used for parts of marine
engines, screw propellers, ordnance, chemical, hydraulic and
mining plants, sanitary fittings, etc.

Composition of Copper-Zine Alloys.

Common
Brass, Standard | Ngval | Montz | Delta | M8n-

Constituent,  ai Brass, ganese
2/1 :lrl J;?ms 70/30 Alloy. Bras. | Metal. | Metal.| Z%"°%

Copper .| 66:79% 70:0% |700% | 6009% |55% | 60:0%
Zinc . .| 8255 2925 290 400 410 | 350
Lead .1] not more | [ not more| — — 2:0 —
Tin . .|| than a than a 10 — — —
Iron. . | { total of |] total of —_ — 20 —

Manganese | | 0:75% 0-75%, —




CHAPTER XV.
COPPER-TIN ALLOYS.

Gun-metal, or Bronze, is an alloy of copper and tin, although
as in the case of brass, a small quantity of a third metal, such as
lead or zinc, is sometimes added to soften the alloy. Tin exercises
a much greater influence than zine in modifying the properties
of copper, and hence the range in composition of bronze is con-
siderably less than that of brass. The red colour of copper rapidly
disappears as tin is added, until with 80 per cent. or more of the
latter metal, the alloy appears white. Speculum metal, used for
mirrors and reflectors, contains 66 per cent. of copper and
84 per cent. tin, and closely resembles silver when polished.
The specific gravity of gun-metal is greater than the mean of
its constituents, due to contraction of volume which occurs on
mixing, Fig. 79. The addition of a small percentage of tin
gives an alloy possessing great strength and hardness, but if the
amount of tin exceeds 20 per cent. a considerable decrease in
strength occurs, as shown in the diagram, Fig. 80. It will be
seen that the maximum ductility is obtained with 2 per cent. of
copper, and that with 20 per cent. it disappears almost altogether
until 80 per cent. is reached, when it again gradually increases
to about its maximum value, Fig. 81. The absence of ductility,
and consequent brittleness of those alloys containing from 20 to
80 per cent. copper, is very marked. The freezing-point curve,
Fig. 82, is very complex, showing a set of subsidiary freezing-
points occurring far below the main freezing-point curve, and
it is these subsidiary freezing-points which mainly influence the
mechanical properties of the metal. No alloy containing more
than 5 per cent. tin solidifies as a whole, and as the amount of
tin is increased, the alloy has two constituents which freeze at
different temperatures. With from 10 to 20 per cent. of tin
there are three distinct freezing-points, or in other words, the
alloy solidifies in three separate portions. Alloys containing
40 per cent. tin have no less than four distinet freezing-points.
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With from 60 to 90 per cent. tin there are three, and even when
only 8 per cent. copper remains, there are still two. It is there-
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fore not surprising to find that in practical foundry work bronge
is very liable to segregation, especially if the percentage of copper
is low. It is regarded as very difficult to produce a truly homo-
geneous bronze alloy, and castings frequently show great irregu-



~

154 MECHANICAL TECHNOLOGY.

larity, the fracture of the metal exhibiting patches or “ tin spots,”
interspersed throughout the mass. The structure of the metal
is considerably influenced by the rate of cooling, which, to secure
uniformity and density, and to avoid segregation, should be
effected as rapidly as possible after casting. There are only
three copper-tin alloys of any commercial importance, and their
composition, as determined from a consideration of the freezing-
point curve, must be closely adhered to, if good results are to be
obtained. Gun-metal, which contains 90 per cent. copper and
10 per cent. tin, represents the strongest alloy. Maximum
ductility, on the other hand, is obtained with 95 per cent. copper
and 5 per cent. tin, which is the composition of copper coinage.
For statuary, a mixture which will cast well and take a sharp
impression is the chief requirement, and this may be secured by
taking 94 per cent. copper and 6 per cent. tin. Bell-metal, which
has the composition 80 per cent. copper and 20 per cent. tin, is
hard and brittle, and extremely sonorous. Speculum-metal is a
2 to 1 alloy of copper and tin, or say 66 per cent. copper and
84 per cent. tin. It is of a silver-white colour, extremely hard
and brittle, and capable of taking a high polish. Other metals
in small quantity are occasionally added to bronze alloys, and
it is said that zinc, when used in this way, causes the metal to
mix better. Engineer's Bronze usually contains zinc in addition
to copper and tin, the true bronze alloys being of comparatively
limited application. For engine parts, steam fittings, hydraulic
machinery, ete., an alloy of 88 per cent. copper, 10 per cent. tin,
and 2 per cent. zinc is much used. The greatest difficulty which
the founder experiences is due to the presence of oxides taken up
in solution by the metal. In melting together copper and tin, the
difference in fusibility is so great that care must be taken to prevent
the tin being exposed to the air, especially as it is so much lighter
than copper, and therefore tends to float upon the surface. Tin
heated to redness and exposed to the air becomes rapidly oxidised,
and is converted into peroxide, the substance known in commerce
as “putty powder.” To remove the oxide, a small quantity of
some reducing agent such as phosphorus may be added to the
alloy.

Phosphor Bronze usually contains about 0'1 per cent. phos-
phorus, which produces a very marked effect upon its properties,
greatly increasing the tensile strength and ductility, and the
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ability to resist shocks and repeated stresses. It is produced in
several qualities, ranging from 22 to 85 tons per square inch
ultimate tensile strength, the respective amounts of elongation
being from 80 to 4 per cent. on 2 inches. It casts well, and may
be rolled cold, or drawn into wire. By increasing the proportion
of phosphorus to 1 per cent., a hard variety suitable for bearings,
slide valves, ete., is obtained. Phosphor bronze castings giving
an ultimate strength of 17 tons per square inch, and an elonga-
tion of 20 per cent. in 2 inches, have the composition copper
90 per cent., tin 9'7 per cent., and phosphorus 0'8 per cent. 'T'he
phosphorus is introduced into the alloy in the form of phosphor-
copper or phosphor-tin, the latter being preferable for general
use. Sticks of phosphorus are placed in a bell-shaped graphite
crucible, which is then immersed in molten tin. The phosphorus
melts, and as it volatilises, it passes up through the tin, which
in this way becomes saturated, about 6 lbs. of phosphorus being
introduced into 100 lbs. of tin. - The phosphor-tin is then cast
into small sticks or bars, which permit of the proper quantity
being added to the crucible after the copper and tin have
been melted together in the usual way. Zinc must never be
present in phosphor bronze, but it would appear that for bearing
metal & certain proportion of lead is desirable. A useful mixture
for this purpose is copper 80 per cent., tin 8 per cent., lead
10 per cent., phosphor-tin 2 per cent. (= 01 per cent.
phosphorus).-

Other Bronze Alloys.—Aluminium Bronze contains no tin,
and is therefore, strictly speaking, a bronze only in name. The
tensile strength and ductility of this alloy may exceed that of mild
steel, and its elasticity and malleability are very remarkable,
The maximum strength is obtained with 90 per cent. of copper
and 10 per cent. aluminium. For sand castings this may reach
from 80 to 50 tons per square inch, according to the method of
cooling, whereas for rolled bars the average strength may amount
to 88 tons per square inch, with an elongation of 60 per cent. on
2 inches. Castings of this metal are sound and not liable to
segregation, but the aluminium used must be free from im-
purity, a small quantity of which is found to produce a very
marked deterioration. Although the reduction in the price of
aluminium has enabled this alloy to be produced at about the
same price as ordinary bronze, it has not been much used. If
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it be desired to take advantage of the low specific gravity of
aluminium, nothing is to be gained by adding to it more than
4 per cent. of copper. With this proportion, the tensile
strength is about 10 tons per square inch for castings, and 15
tons per square inch for worked bars. The elongation rapidly
decreases with the addition of copper, the metal tending to
become hard and brittle. As the quantities of the two metals
approach equality, the resulting alloy has no commercial value
whatever.

Silicon or Stilicium Bronze is an ordinary bronze alloy to which
silicon has been added with the same object as the phosphorus
in phosphor-bronze, viz., of effecting the removal of any oxides
of tin or copper dissolved in the alloy. The silicon forms a slag
which floats upon the surface, very little of that element being
left in the alloy. Silicon-bronze, which has a tensile strength
reaching from 80 to 50 tons per square inch in the case of wire,
resists corrosion due to atmospheric influences in a marked
degree, and as its electrical conductivity much exceeds that of
phosphor-bronze, it is largely used for telephone, etc., purposes
in towns.

Nickel-Bronze or Cupro-Nickel.—Copper and nickel alloy well,
and the metal is used largely for coinage, that of the United
States and of Germany containing 75 per cent. copper and 25
per cent. nickel. It has also been employed for the sheath of
rifle bullets, being drawn into tube with great facility. It is
recognised as the best material for the blades of steam
turbines, especially when working with highly-superheated
steam.

Constantan.—For electrical purposes, it is often necessary to
employ a metal having a high specific resistance, but which, at
the same time, has a very small variation in resistance with
change of temperature. Both these properties are possessed in
a marked degree by an alloy of 50 per cent. copper, with 50 per
cent. nickel, to which the name of constantan has been given.
Manganin, consisting of copper 84 per cent., manganese 12 per
cent., and nickel 4 per cent. is also used for the same
purpose.

German silver is a triple alloy of copper, nickel, and zine, of a
white colour, which casts well, may be worked with ease, and is
very malleable and ductile. The best composition to secure these
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qualities is 50 per cent. copper, 20 per cent. nickel, and 80 per

cent. zine.

Tungsten Bronze—An alloy of tungsten and copper known as
Platinoid (although it contains no platinum) has a melting point
of about 2200° F., and is much used in electrical work, and for
valve seats and other parts of steam fittings subjected to high
temperatures and for use with superheated steam.

Composition of Copper-Tin Alloys.

. Gun Bell |Speculum| Bn- [Phosphor} g .,
Constitaent. | pegal, | Motal. | Metal, | Eincer | Bronse | “giiver
Copper 90 80 66 88 90 50
Tin . 10 20 34 10 97 —
Zino . — — — 2 — 30
Nickel . . — — — — — 20
Phosphorus. — — — — 03 —




CHAPTER XVL
WHITE METAL ALLOYS.

Tae softer and more fusible metals, tin, zinc, lead, and
antimony, form several series of alloys of great commercial
value.

Tin and Lead produce alloys known as Pewter, and also the
soft solders used by tinners and plumbers. Pewter contains 80
per cent. tin and 20 per cent. lead, and was formerly much
employed for drinking vessels and other domestic appliances.
Tinner’s solder consists of equal parts of tin and lead, and best
plumber’s solder is composed of 2 parts lead to one part tin. An
alloy to be used as a solder must not only be capable of uniting
with each of the metals to be joined together, but it must also have
a lower melting point than either, to obviate any danger of melting
the metals. In this respect, the freezing-point curve of the lead-
tin series is of special interest, Fig. 88. The addition of tin to
lead lowers the freezing-point from that of pure lead, viz., 650° I,
until at 856° F. a eutectic separates containing 68 per cent. tin.
With further increase in the quantity of tin, the freezing-point
rises to the melting temperature of pure tin, viz., 450° F. The
eutectic contains a considerable portion of both tin and lead, and
the eutectic line therefore extends both right and left of the
freezing-point of the eutectic alloy. It will be seen that the
alloy containing 66 per cent. lead begins to freeze at 467° F.,
and has a eutectic alloy at 356° F. Thus plumber’s solder has
two freezing-points, and upon this fact the operation of * wiping
a joint " depends. The solder when used is in a pasty condition,
due to its widely separated points of solidification, and in this
state it consists of granules of solidified lead, containing some
tin in solution, in a still fluid * mother-liquor.”

Tin and Antimony slloy well in all proportions, the latter
metal imparting hardness and ability to take a high polish with-
out impairing the colour. The only alloy of this series of any
commercial importance is Britannia Metal, which contains 90 per
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cent. tin and 10 per cent. antimony, although other metals are
sometimes added in small quantity. If the proportion of anti-
mony does not exceed 10 per cent., the metal is very malleable,
can be rolled cold, and may be cast, stamped, or spun with great
facility.

Lead and Antimony form the basis of the Type Metal series of
alloys, which are required to cast well and be capable of taking

LEAD-ANTIMONY ALLOYS. '
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a sharp impression, whilst at the same time, the alloy must be
sufficiently hard and strong to resist the pressure and wear due
to printing. The usual composition of type metal is 80 per cent.
lead and 20 per cent. antimony, but occasionally a small quantity
of bismuth is added to lower the melting point and increase
expansion on solidification. Fusible Metal consists of 50 per
cent. bismuth, 25 per cent. lead, and 25 per cent. tin. It melts
at 200° F., and is used for the fusible plugs of steam boilers. It
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expands on cooling while still in a pasty condition, on which
account it is found very suitable for taking impressions from
dies, ete.

Anti-Friction Alloys and Bearing Metals.

Considerable success has attended the use of bearings lined
with soft White Metal. Buch metal must be of a plastic nature
to accommodate itself to the form of the journal, so that to some
extent it may flow under any excessive pressure until the journal
bears uniformly over the whole surface. On the other hand, the
“ white metal ” must not be too soft, or it will wear badly, and
tend to cut. In any case it must be well supported by filling it
into grooves or recesses in a shell of stronger metal, cast iron
being generally employed for the purpose. The two halves of
the shell are fixed together, and a mandril of the same size as
the journal of the shaft is placed in position. The parts are
then heated, and the white metal poured in. The alloy must
therefore be readily fusible, and should expand slightly on cool-
ing. It has been found that with a suitable alloy, both friction
and wear may be much reduced. The chief characteristic of a
bearing alloy is that it should consist of hard grains or particles
to give a low co-efficient of friction, embedded in & softer matrix
yhich acts like a cement, and which at the same time possesses
the necessary plasticity to enable the bearing to adjust itself to
the shaft. Alloys of lead and tin, to which antimony has been
added, are frequently used as bearing metals. When examined
under the microscope, such alloys are seen to consist of hard
grains embedded in a fin-lead eutectic. At the same time
brittleness must be avoided, and a compression test is useful as
a means of discovering this defect, should it exist. One of the
oldest and best known of the bearing alloys is Babbitt's Metal,
which consists of 88 per cent. tin, 8 per cent. antimony, and
4 per cent. copper, although the normal proportions have in
recent years been widely departed from by different makers.
The addition of a small quantity of bismuth, not exceeding 0'25
per cent., is said to produce a very marked diminution in the
co-efficient of friction. The alloy is, however, expensive, and
attempts have been made to substitute cheaper metals for the
costly tin without impairing the result. Parson’s 1White Brass is
composed of 68 per cent. tin, 80 per cent. zine, 1 per cent. copper,
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and 1 per cent lead. A lead-antimony alloy would appear to be
the cheapest and most efficient white metal. Of this class, the
best known example is Magnolia Metal, which consists of 80 per
cent. lead and 20 per cent. antimony. When present in this.
proportion, the latter metal separates out, and appears in the
form of hard crystals embedded in & matrix of lead.

Composition of White Metal Alloys.

. . . s White
Plumber's | Britannia | Type Babbitt's | 5 etal

Constituent. | Pewter. | " g jq0r | “Metal. | Metal. | Metal. (Bonsing).

Tin . 80 34 90 — 8775 —
Zinc — — — — — —
Lead 20 66 — 79-5 —_ 80
Copper — — — — 4 —
Antimony | — — 10 20-25 8 20
Bismuth.| — — — 0-25 025 —




CHAPTER XVIL

PROPERTIES AND USES OF THE PRINCIPAL YARIETIES
OF TIMBER.

Prants are divisible into two great orders—flowering, and
non-flowering, and the former may again be subdivided into out-
ward-growing, and inward-growing. In the outward-growing, or
exogenous variety, a new layer of material is added annually on
the inner side of the bark, but in the case of inward-growing, or
endogenous plants, such as the palm, bamboo, etc., new material

is added at the centre
of the stem. Timber

- any, -« used for construc-

W€ Wi g, -~ . .
. NPTy, tional or mechanical
¢ e ""s.:' “ purposes is derived

entirely from trees
belonging to the
exogenous subdivision
of the phanerogamous
NI AT 3 or flowering order of
SR plants. The cross
section, Fig. 84, of
T the stem or trunk of
LAl A A X .
n ,,"::m,,,, e e g such a tree consists of
Up i eVE a number of concen-
o tric layers or “annual
F1G. 84.—Cross Section showing Annual Rings -rings,"each represenf,—
in Timber. : ’
ing a year’s growth.
These are arranged round a central rod termed the pith, of which
the original shoot coming from the seed was entirely composed. In
the early stages of growth, the first formed layer of woody tissue
known as the medullary sheath, is deposited upon the pith, which,
having fulfilled its purpose, ceases to grow, and remains as a mere
central rod or column. Outside the sheath are seen a number of
fully-matured rings, clearly shown in the photograph, Fig. 85,
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known as “ duramen ” or heartwood, and which in turn are
surrounded by the last-formed rings, lighter in colour, of the

F1G. 85.—Cross, Radial, and Tangential Sections of Trunk of Tree.

‘¢ alburnum " or sapwood, through which the sap circulates in an

upward direction. Encircling the sapwood is a thin layer known

as the cambium, which is the extreme outer ring in process of
M2
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formation. Finally the bark constitutes the outer skin of the
tree, and through its inner layers called the *liber,” the down-
ward current of sap returns. Each of the annual rings is com-
posed of two portions, of which the inner one, light-coloured and
soft, is the spring wood, and the outer one, darker and somewhat
denser, is the summer wood. In the cross section, the annual
layers are seen as rings, in a radial section they appear in the
form of longitudinal stripes alternately light and dark, whereas
in a tangential section the stripes are broader, occasionally show-
ing V-shaped junctions, Fig. 85. The figure or * feathering’ of
pitch pine is obtained by cutting the boards in a direction tan-
gential to the annual rings, thus exposing the vertical section seen
in Fig. 85. The annual rings are formed in sections, and are
e 4 T

F16. 86.—Longitudinal Structure of Stem.

composed of wedge-shaped bundles of longitudinal fibrous tubes,
Fig. 86, which as they develop, compress the cellular mass of pith
into thin strips, termed the medullary rays. These become the thin,
hard, vertical plates radiating outwards from the heart towards
the bark, which not only convey nourishment from the descend-
ing sap to the interior, but structurally serve to bind together the
circular layers or rings. When skilfully exposed, as in working
oak, beech, and plane tree, they are known as the * silver grain,”
but in soft woods the medullary rays are extremely fine, and are
scarcely visible to the naked eye. The longitudinal arrangement
of the woody fibre, taken in conjunction with the radial direction
of the medullary rays, affords an explanation of the action which
takes place in seasoning. The gradual drying-up of the sap
causes the cellular or longitudinal part of the structure to
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collapse, shrinkage taking
place in the direction of the
circumference of the annual
rings. The stiff medullary
rays, however, resist lateral
contraction, and hence the
shrinkage in a radial direction
inwards towards the centre is
very slight. If, then, the cir-
cumference contracts while
the diameter of the tree
remains the same, the timber
must split radially in direc-
tions parallel to the medullary
rays. Shrinkage which occurs
after the timber is cut follows
the same law, taking place in
a circumferential direction
round the tree. Suppose a
log to be sawn into four
quarters, Fig. 87, so that the
angle bac is a right angle,
and let the lengths of the
sides ba and ac be measured
before seasoning commences.
When dry, it will be found
that although the lengths ba
and ac remain unaltered, the
distance bc round the circum-
ference will have contracted
considerably, the angle bac
being no longer a right angle.
The change in shape due to
shrinkage is shown in black
on the right of the figure.
Again, suppose that a number
of parallel saw cuts are passed
through the log, Fig. 88, the
resulting planks which before
geasoning are of uniform
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F1a. 87.~Shrinkage of Log Sawn into
Quarters.

F1G. 88.—Shrinkage of Log with Parallel

Saw Cuts.
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thickness, will, when dry, appear as shown in the lower
figure. The width of the centre plank and its thickness in
the middle will remain unaltered, due to the resistance of the
medullary rays, but the thickness at the edges will be reduced
on account of the collapsing of the annual rings. The planks
on each side of the centre will behave quite differently, although
from the same cause. The thickness will be much less affected

F1a. 89.—Warping and Shrinkage in Seasoning.

than in the case of the plank in the centre, but the side next the
heart will become * round ”’ or convex, and the outside ‘ hollow
or concave, the breadth being considerably reduced. This action
is known as “ warping,” the term being applied to cross or width
bending, whilst sawn timber which has become bent in the
direction of its length is said to be “cast.’”” Warping is still
more pronounced in the outer planks, in which, however, the
reduction in thickness is comparatively small. It will thus be
seen that in boards which are to remain flat, the annual rings
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must run parallel to the edges, or at right angles to the face.
Boards in which the rings are parallel to the face will invariably
warp in seasoning. The same effect may be observed with a
square scantling, or plank cut from a ‘“ quarter " near the outside.
as in Fig. 89, the section on the left showing the original shape of
the piece. Similarly, a cylindrical post turned out of a quartered
log will shrink along one of the diagonals, becoming elliptical.
When sawing up logs for seasoning, it is always advisable to cut
through the heart if possible, otherwise by the same rule,
there is danger of the sides splitting, as shown in Fig. 90.
If a scantling of the required dimensions cannot be obtained
without leaving in the heart, the log

is frequently cut down the centre,

and the two halves reversed and

bolted together with the heart on

the outside. In harder and stronger

woods, such as oak, beech, etc., the

effects of shrinkage are much more

marked than in the soft fir timbers,

but even in such cases the evils of

shrinkage may be avoided by observ-

ance of the same general law.

Felling and Seasoning.—Timber g, 90.—split
trees should be felled when they have -
reached maturity. When too young,
there is an excess of sapwood, and with too great age the wood
deteriorates, and the heart commences to decay. The proper age
is stated to be :—for oak, one hundred years; for spruce and pine,
eighty years; for ash, larch and elm, about seventy years; and
for poplar, forty years. Much of the timber imported into this
country is cut down when the required size has been attained,
without any regard to age, and for this reason it is beeoming
increasingly difficult to obtain really sound wood of any kind. The
best time for felling timber is in midwinter, when the sap is at
rest. On being felled, the tree is immediately stripped of its bark,
and the branches lopped off, in which state it is known as a log.
It is next roughly squared by axe or sawing, and becomes a balk.
which is in a convenient form for storage, and does not split so
readily as if left in the round. A newly-felled tree contains 50
per cent. of its weight of water in the form of sap and moisture

ting of Log in
Seasoning.
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the greater part of which is in the sapwood. Before the wood is
fit for use, the moisture must be throughly dried out, and various
methods of seasoning are employed to effect this object. Accord-
ing to the so-called natural method of seasoning, the timber is
stacked in sheds in such a position that the air may circulate
freely all round it, but at the same time it must be protected
from the sun and wind, and the floor must be of some impervious
material, and kept dry. The time required for natural seasoning
i8 considerable, amounting to eighteen months or two years for
deal, but the result is much more reliable, and the timber
stronger and more durable, than when any artificial substitute is

24

TIME REQUIRED v MONTHS.
6 '3

4 8 R” 6 20
SIZE OF SQUARE BALK IN INS.
F16. 91.—Average Time of Seasoning.

resorted to. Drying may be much more quickly effected by water
seasoning, in which case, immediately after felling, the timber is
entirely immersed for about a fortnight in a running stream. In
this way, the sap is washed out, with the result that the timber
when stacked in the usual way, dries in much less time than
when the sap is left in. Boiling and steaming enable the removal
of the sap to be carried out with still greater rapidity, one hour
being allowed for every inch in thickness, and the subsequent
drying, especially after steaming, is greatly accelerated. It is
also claimed that this process will destroy the spores of dry rot,
funguys, or other disease. Desiccation or hot-air seasoning, may be
applied to small scantlings, and takes only a few weeks. The
timber is stacked in ovens, through which a current of air, main-
tained at a constant temperature of 120° F. by utilising the waste
heat from a steam boiler, is blown by means of a fan. Much of
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the pitch pine imported into this country from the United States
is first treated in this way. Smoke drying by means of a fire of
chips and shavings is sometimes employed to facilitate seasoning,
and is said to render the wood proof against the attacks of worms.
Hard wood requires much longer time to season than deal. The
average period for square scantlings of both hard and soft woods
is shown in Fig. 91, and for planks one half to two-thirds the
time indicated may be allowed. Many woods require a second
seasoning after they have been worked, and it is for this reason
that doors, window sashes, ete., should be allowed to stand
some time after being made before they are wedged up and
completed.

It has been found that the amount of moisture present in pine
and fir timber in the condition naturally assumed by simple
exposure to the air is equal to 15 per cent. of the weight of the
dry wood.

Conversion and Market Forms of Timber.—The operation of
cutting up a log or balk into smaller sizes is known as conversion.
Imported timber is converted to market forms either in the
forest as in America, or at the port of shipment, as is usual in
Europe. Converted timber which has been reduced to smaller
sizes in this country is said to be re-saun. The following are
the various forms to which timber is converted for the market :—

Hardwoods.
Log i8 the trunk with the branches lopped off.

Softwoods.

A balk, or squared timber, is a roughly-squared log.

A plank is a piece cut to rectangular section 11 inches wide.

A deal is a piece cut to rectangular section 9 inches wide.

A batten is a piece cut to rectangular section 7 inches wide.

A board is a thin piece of any width, but less than 2 inches
thick.

Whole timber is an uncut balk.

A flitch is half a balk which has been cut in two lengthways.

Die-square stuff is timber cut to equal dimensions, from 5 inchés
X b inches to 9 inches X 9 inches.

Quartering is timber cut to square section, 8 inches X 8 inches
to 4 inches X 4 inches.

Scantling is a piece sawn on all sides.
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A pole is a straight trunk free from branches, 8 inches greatest
diameter.

A mast is a long straight trunk, lopped and barked, diameter
exceeding 8 inches.

It is to be feared that in cutting up the soft timbers at the present

F1G. 92.—Conversion to Deals and Battens.

day the only consideration is to obtain as many marketable
sizes as possible out of & given log. Two methods of converting
fir timber into deals and battens as practised in Norway and
Bweden are given in Fig. 92. In the first, four deals are

F1a. 93.—Production of “ Waney " Edges.

obtained from the same log, and although the heart comes upon
the surface, the better course would be to remove the pith
altogether by cutting out a thin board. 'The outer deals are
composed almost entirely of sapwood, and must inevitably warp,
as before explained. So great is the desire to avoid waste, that
they are also liable to run out beyond the bark at the corners,
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exposing the defect known as “ waney ” edges, Fig. 98. The
second method, Fig. 92, is still more objectionable, as the heart
is left in the middle of the deal cut from the centre, which is
therefore particularly liable to dry rot due to the early decay of
the pith.

As already shown, floor boards should be cut as nearly as
possible radially from the centre, the rest of the material being
utilised for other purposes. This is shown in Fiig. 94. The method
of converting a quartered log of oak is given in Fig. 95. The best
boards are obtained as at A, but this method entails great waste,
unless thick boards are required as at D. Thick planks may

...---__
~rr—

S F1a. 95.—Conversion of Quartered
F1a. 94.—Conversion to Floor Boards, Log.

be cut economically as at C, and a combination of the two
methods is sometimes adopted as at B.

Quartering is usually resorted to with oak and other ornamental
hard woods for the purpose of displaying the medullary rays, and
to get rid of the pith or centre, which is often defective. When
cut through the heart and the corners sawn off, as in Fig. 96, oak
logs are known as wainscot, from which as shown, or from a
quarter as at A, wainscot boards are obtained. Such boards must
be cut parallel to the medullary rays, which come out on the
surface in an irregular figure, producing the silver grain. The
“ feathering” shown in planks of pitch pine is produced by
cutting tangentially to the annual rings as at B.

Defects in Timber.—A tree during growth is liable to many
diseases, which may seriously affect the strength and quality of
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the timber obtained from it. Shakes, which are common to
almost every kind of timber, are longitudinal splits or cracks,
running from the heart towards the sapwood. They are due to
the shrinkage or decay of the interior of the tree, and generally
occur in trees past maturity. There are several varieties of
shakes, all of which are
sources of weakness, and as
they are liable to escape
detection when in the form
of extremely fine cracks,
they constitute a possible
element of danger. The
Ilﬁ heartshake is probably the
commonest defect in timber.
Should it occur as a single
cleft across the tree as at
Fig. 97 A, it need not be
the cause of much waste in
conversion, but with two
clefts at right angles, as at
B, scantlings larger than
quarters cannot be obtained.
Trees are sometimes found
to twist during growth, in
which case a heartshake
may take a spiral course,
>'5 rendering the timber quite
unfit for conversion. Star-
shake, Fig. 97 C, is a similar
and more serious defect, with
a number of splits radiating
from the centre to the cir-
cumference. Ring, or cup-
shake, Fig. 97 D, consists
of a curved split between the annual rings, and as a rule is
not so serious as heartshake. Knots, which constitute a
very common defect, occur at the junction of the branches
with the stem, and are classed as either live or dead. The
first kind are formed by branches which were living when
the tree was felled, and unless very large, are less objectionable

F1G. 96.—Wainscot.
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F1G. 97.—Varietics of Shakes in Timber.

than dead knots, which are often loose and ready to fall out, and
will usually lead to the timber being rejected. A rindgall is a
curved swelling covering up the wound caused by breaking

or imperfectly lopping off a branch,
and resembles a knot in its effect
upon the strength of the timber
containing it. An upset, Fig. 98, is
a distortion of the fibres across the
grain of the wood, said to be due to
unskilful felling. The part thus
affected will break through with little
resistance, much as if the fibres had

F1G. 98.—Upset in Timber.

been severed. Decay in timber is due to putrefacticn, or fermenta-
tion, which proceeds with the evolution of a considerable quantity
of gas, chiefly carbon dioxide and hydrogen. Two forms of decay are
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frequently met with, known respectively as wet rot and dry rot.
The former occurs in the growing tree, or in situations where
timber is alternately exposed to moisture and dryness, the
wood being finally reduced to a powdery brown mass with an
unpleasant odour. Dry rot takes place only after the wood is
dead, and may be said briefly to be due to lack of ventilation.
It is caused by the growth of a fungus, which thrives in
warm, moderately damp, stagnant air, the wood becoming mouldy,
and emitting a musty smell. An apparently sound log may be
full of dry rot inside.

Preservation of Timber.—Perfectly seasoned wood, if not pro-
tected by tar or paint, will not stand exposure to the English
climate for more than about twenty-five years. Painting or tarring
may prevent decay if the wood has been thoroughly seasoned
previously. This is essential, as otherwise the filling-up of the
outer pores prevents the escape of moisture, and by inducing
decay, does more harm than good. As charcoal possesses power-
ful antiseptic properties, the lower ends of timber to be embedded
in the ground are first burnt or charred, to prevent dry rot and
the attacks of worms. A number of processes have been intro-
duced with the object of preserving timber from decay, by driving
out the sap and forcing in some chemical solution which will
coagulate the albumen of the wood, and, by destroying insects,
worms, fungi, etc., prevent dry rot. Probably the most success-
ful process is that introduced by Bethell, and known as
creosoting. The timber after drying, is placed in a cylindrical
vessel about 7 feet diameter and 60 feet long, resembling the
shell of a boiler, a door at one end is closed airtight, and
a vacuum of 7 or 8 lbs. per square inch created by means of
a pump. Creosote, or “ oil of tar,” which is a thick, dark brown
liquid obtained from coal tar by distillation, is then admitted at
a temperature of 120°F., and the pressure is raised to about
150 lbs. per square inch. The amount of creosote taken up
depends largely upon the nature and quality of the timber, and
the proportion of sapwood present. The process answers well
for soft wood, such as railway sleepers, street paving, ete., which
absorb from 10 to 12 lbs. per cubic foot. Hard wood, such as
oak, will not take up more than 2 to 8 lbs. per cubie foot, and
pitch pine is almost impenetrable. The most effective of these
impregnation methods is without doubt that known, after the
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name of its inventor, as Kyan's process, or kyanising, which con-
sists in immersing the timber in a solution of 1 part corrosive
sublimate (bichloride of mercury) in 100 parts of water. The
substance is an exceedingly dangerous poison, and is most efficient
in destroying all traces of organic life. It thus prevents fermenta-
tion, and will even check the spread of dry rot in timber already
affected with that disease. As however the salt is somewhat
costly, the process has had but a limited application. In
the burnettising process, introduced by 8ir W. Burnetf, the
timber is allowed to soak in a strong solution of zinc chloride,
which is cheaper than mercury, and fairly effective in destroy-
ing both germs and parasites. The boucherising process, used
in France for railway sleepers, is conducted in a manner
similar to the preceding, a solution of copper sulphate being
employed. This has the doubtful merit of cheapness, and the
preservative, being readily soluble in water, is rapidly washed
out by rain.

Classification and Yarieties of Timber.—All timber used in
construction is classed for commercial purposes as either soft or
hard. The soft woods comprise all trees of the coniferous
variety, such as the pines, firs and spruces, the seeds of which
are produced as cones. The leaves of this class are spinous or
needle-like, and the wood, which is resinous and generally con-
tains turpentine, is light in colour. The annual rings are very
distinet, but the medullary rays are scarcely visible. The hard
woods, such as teak, oak, mahogany, etc., are non-coniferous,
and have broad leaves. The wood is usually dark coloured and
non-resinous, any secretion being of an acid or astringent
character. The annual rings are indistinet, but the medullary
rays are easily discerned.

SOFT WOODS.

Pine and Fir Wood.—Much confusion exists in the naming
of all soft woods, owing to the custom of confounding the pines
and the firs, which belong to totally distinct species, and also of
naming timber after the port of shipment.

Northern Pine (Pinus sylvestris), also called Scotch fir, is
commonly known as redwood. It is imported from the Baltic,
and from Norway and Sweden, in balks from 10 to 20 inches
square, and from 80 to 40 feet long, and also in the form
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of planks, deals, and battens. It is very extensively employed
in this country for railway sleepers. Riga, Memel, and
Danzig balk timber is the most suitable for piles, structural
work, ete.

White Fir or Spruce (A4bies excelsa), generally known as white
deal, is imported from Christiania, Onega, and Petrograd. It
is knotty, and inferior to redwood in strength, and is liable to
warp. It is largely used for scaffold poles, floor boards, packing
cases, and the commoner descriptions of joinery.

Yellow Pine (Pinus strobus), imported from Quebec and other
ports in North America, is straight grained, free from knots, and
easily worked, and although not durable if exposed to the weather,
is invaluable for joiner's work, and is the wood most largely used
by engineers for pattern-making. It may be recognised by the
short dark “ hair lines ” which are always found running in the
direction of the grain.

Pitch Pine (Pinus australis), is imported from the Southern
States of North America in logs from 10 to 18 inches square, and
from 20 to 40 feet long, and also in planks 10 to 15 inches wide,
and from 8 to 5 inches thick. It is a heavy, hard, and very
strong wood, free from knots, but somewhat liable to split and
shrink. It is full of resinous matter, which renders it very
durable, but at the same time makes it difficult to work, As it
is cheap, and can be obtained of great length, it is largely
employed for the heaviest engineering work and in shipbuilding,
and has come to be regarded as a substitute for Memel or
Danzig timber. The annual rings are wide and strongly marked,
and when properly cut, display a beautifully figured grain. ‘For
this reason, it has been much used for ornamental joinery.
Turpentine is obtained from this tree by a process of tapping or
“ bleeding.”

Larch (Larixz europea), is imported from Russia and North
America, and is grown to some extent in this country. It is of
a yellow colour, and is the toughest and most durable of the
conifers. It is therefore much used for railway sleepers, and for
posts, fencing, etc., exposed to the weather. On the other hand,
it shrinks very much, and is very liable to warp.

Kauri Pine (Dammara australis), is obtained only from New
Zealand, and can be had of very large size quite clean and
free from knots and sap. It is strong and durable, straight
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grained, and of silky appearance, producing very handsome
.joinery.

Lime or linden (T'ilia parvifolia), is of pale yellow colour, soft
and close grained. It cuts equally well with or across the grain,
and is greatly valued for carving and cabinet making.

American Whitewood or Canary (Liliodendron tulipifera), is
imported from New York in large planks from 2 to 8 feet in
width, and of any reasonable length. It is soft, close, and
straight in grain, very easily worked, and takes paint or polish
very well. It is much used by cabinet makers, carriage builders,
shop fitters, etc.

HARD WOODS.

Oak (Quercus). A large number of varieties of this timber,
and of many degrees of quality, are found in this country, on the
Continent, in America, etc. It has long been considered that
British oak is on the whole superior to any other, but native-
grown wood is now difficult to obtain, and several continental
species, especially from Austro-Hungary, are probably quite as
good, and are much cheaper. Oak possesses a combination of
good qualities in a remarkable degree, and where strength, stiff-
ness, toughness, and durability are required, it is unrivalled. It
is much used in shipbuilding, and for heavy constructional work,
and for the frames of railway carriages and wagons exposed to
sudden shocks, it is invaluable. The colour when freshly cuft is
light fawn, turning dark brown, and ultimately nearly black,
with age. No other wood is so suitable for durable carving, and
on account of its rich colour and beautiful markings it is in great
demand for high-class joinery and furniture. Oak contains
gallic acid, which corrodes iron fastenings, and this reacting on
the timber may set up dry rot. Oak bark is in great request for
tanning leather.

Teak or Indian oaki(Tectona grandis), has been much used as a
substitute for oak, to which it is in many respects superior. It
is imported from Moulmein and Rangoon in Burmah in logs
from 10 to 80 inches square, and from 20 to 50 feet long. It
resembles oak in appearance, but is stronger and stiffer, and it
contains a considerable quantity of an essential oil which renders
it very durable, and immune from the attacks of the white an$
and other insects. For the same reason, it does not corrode iron

M.T. N
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fastenings, the oil being, in fact, & preservative against rust. It
is much used in shipbuilding, and is very durable when exposed
to the weather.

Greenheart (Nectandra rodieo), comes from British Guiana in
logs from 12 to 24 inches square, and up to 60 feet in length,
and on account of the essential oil which it contains, it snccess-
fully resists the attacks of sea worms and the white ant, and is
probably the strongest and most durable timber in ordinary use.
It is especially prized for dock gates, piers, piles, and marine
works generally.

Mora (Mora excelsa), is a light-red timber from Guiana, very
heavy, hard and strong, obtainable in logs from 12 to 20 inches
square, and from 20 to 85 feet long. It is highly esteemed for
dock gates, and in shipbuilding.

Lignum Yite (Guaiacum officinale), is an extremely hard and
heavy timber which comes from the West Indies and Central
America. It is in considerable demand for mallets and tool
handles, and for the bearings of shafts which have to work under
water, notable instances of its use being for the footsteps of
turbines, and for the bearing of the after-length of the propeller-
shaft of a steamship. Ordinary bearings are unsuitable for use
under water, and the brasses wear away very rapidly on account
of the difficulty of supplying the oil needed for lubrication. The
portion of the propeller-shaft which passes through the bearing
is encased in gunmetal to prevent oxidation, and runs on longi-
tudinal strips of lignum vite dovetailed into the stern tube, water
spaces being left between. Lubricated with water in this way,
lignum vite forms a very good bearing, and is easily renewed.

Mahogany (Swietenia mahogonsi), is a product of Central America,
two varieties being distinguished as Honduras mahogany or bay-
wood, and Spanish or Cuban. It does not shrink or warp much,
and it has the property of holding glue better than any other
wood. Mahogany is very durable when kept dry, but is quite
unsuitable for exposure to the weather. It is easily worked, and
takes a high polish. Baywood yields logs 12 to 24 inches square,
and up to 40 feet long, and planks 6 feet wide may sometimes be
obtained. It is of a light pink colour, but is rarely figured.
It is much used in carriage building, and for joinery and cabinet
work, as well as for internal work on board ship. Spanish
mahogany is dark red brown in colour, and has a beautiful
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wavy figure, in consequence of which it is in considerable demand
for furniture. Mahogany is also imported from the West Coast
of Africa in considerable quantity and of fair quality, for building
purposes.

Jarrah, or Australian mahogany (Eucalyptus marginata), is
shipped from West Australia in logs from 12 to 24 inches square,
and from 40 to 60 feet long. It is & very heavy, hard, close-
grained wood, extremely durable when sound, and therefore exten-
sively used for street paving blocks, for which it has no equal.

Karri (Eucalyptus diversicolor), also known as *‘ blue gum,”
somewhat resembling jarrah, is the giant tree of South-West
Australia. It is dark red in colour, without figure, very hard
and tough, but not so easily worked as jarrah. It is rather
liable to gum veins and starshakes. It is also used for paving
blocks and for railway sleepers.

Ash (Fraxinus excelsior), is widely distributed throughout
Europe and North America. It is of light brown colour, and
possesses the peculiarity of having no sapwood. It is chiefly
remarkable for its great toughness and elasticity, which fit it for
use wherever sudden shocks have to be sustained, as in felloes
and spokes of wheels, shafts for carriages, tool handles, ete. It
is remarkably durable when kept dry, and when white, is much
sought after for furniture purposes. When exposed to wet, it
rapidly decays.

Beech (Fagus sylvatica), is found throughout Great Britain and
most parts of the Continent. The colour is brown, the annual
rings are well marked, and the medullary rays very large and
distinct. It is durable if kept either quite dry or constantly wet,
but alternate exposure soon causes rot. It is much used for
mallets, tool-handles, joiner’s planes, the teeth of mortice wheels,
for cabinet work, and for chairs.

Elm (Ulmus campestris), is a rough cross-grained wood, very
tough, and liable to warp, but very difficult to split, on which
account it is highly valued for such purposes as the naves of
wheels, and other uses in coachbuilding. It is extremely durable
when constantly immersed in water, and makes excellent piles
for foundations, sluices, floats for paddlewheels, ete.

Hickory (Hicoria ovata), is exported in considerable quantity
from the Eastern United States, and is regarded as the best of
all woods for axe and hammer shafts, handles, ete.

N2
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Hornbeam (Carpinus betulus), is remarkable for its hard stringy
fibre, and is superior to all other woods for the teeth of mortice

wheels, mallets, and lasts.

-List of the Most Useful Timbers for Different Purposes.

Heavy Engineering Construction.

Piles.

Durability when dry.
Wet situations.
Railway sleepers.

Paving blocks.

Carpentry (main structural work).

Floors.

Interior joinery.

Ship joinery.
Stair treads.
Tool handles.
Patternmaking.

Wood carving, and engraving.

Shafts and springs.
Rollers.

Bearings for shafts under water.

Greenheart, teak, oak, pitch

pine, Danzig fir.

Elm, oak, pitch pine, blue
gum, beech.

Oak, mahogany, cedar,
yellow pine.

Elm, greenheart, teak, oak,
pitch pine, beech.

Larch, creosoted Memel
oak.

Jarrah, karri.

Douglas fir, Oregon pine.

Archangel, Petrograd and
Onega red deals ; maple,
pitch pine, and oak to
resist great wear.

Kauri pine, American
yellow pine, pitch pine,
mahogany.

Walnut, mahogany.

Teak, oak.

Ash, beech, box.

Yellow pine, bay wood,
American whitewood.

Lime, pear, kauri, syca-
more, box.

Ash, hickory, lance.

Lignum vite, box, ma-
hogany.

Lignum vitee.
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Ultimate Strength and Weight of Timber.
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Ultimate Strength in
Weightin | Tons per square inch.
Name. lll))?. rL :
cubic 1oot.
Corp- Tension.
pression.
Soft Woods:
Larch . . 35 2:5 36
: Northern Pine, or Scotch Fu'
Redwood . . 36 2:9 30
Red Deal .
Pltch Pmew.h F1 48 35 32
ruce or White Fir . ]
{ e Deal 30 2:6 29
Yellow Pine. 32 18 10
Hard Woods:
ﬁsh . W 48 30 45
merican hltewood
{ Ca.na.ry . . 26 I5 23
48 35 4-3
Bu'ch 45 32 —_—
Cedar . 41 2:5 32 .
Ebony 35 32 —
Elm . . 36 37 43
Greenheart . 65 63 40
Hickory . . 52 — —
Honduras Mahogany .
{ Bay Wood . 8 Y . 35 28
Hornbeam . 47 35 71
Jarrah. 63 32 52
Karri . 61 30 48
Kauri, or New Zea.la.nd Pme 34 2:1 20
Lignum Vite 76 4-2 72
Lime . 35 — —
Maple . 43 29 6-3
Mora . 62 41 —
Osk . 52 29 62
Spanish Ma.hoga.ny 53 32 43
Teak . 48 47 67
Walnut 46 34 —_




CHAPTER XVIIIL.

PROPERTIES AND USES OF THE PRINCIPAL YARIETIES
OF STONE, AND OF CEMENT, CONCRETE, ASPHALTE,
ABRASIYE MATERIALS, ETC.

Stone.

IN mechanical engineering and allied industries, stone is used
to a limited extent, and only a brief consideration of the
subject will be attempted. It is important that stone used in
engineering work should possess certain properties, of which
(1) durability, (2) hardness, (8) strength, and (4) weight, are
the chief essentials.

Durability depends upon the chemical composition of the
stone, its physical structure, the position in which it is placed
and the nature of the surrounding atmosphere. Sulphuric acid
contained in the air of towns, and carbonic acid present even
in pure air, will slowly decompose a stone which consists largely of
carbonate of lime or carbonate of magnesia. Stones containing
much iron may be slowly disintegrated by reason of the oxidation
of the metal. The structure of stone, especially as regards
porosity, exercises a marked influence on its durability. A
porous stone takes up a large amount of moisture, which on
freezing, expands and disintegrates the surface, leaving a fresh
portion to be acted upon subsequently. The smooth surface of
polished marble may withstand atmospheric action for many
years, whilst chalk, which has the same chemical composition,
speedily crumbles away. Viewed in this light, it follows that a
crystalline structure is, as a rule, fo be preferred, and a close,
fine grain may be taken to indicate lasting quality. Expansion
and contraction, due to a wide variation in temperature, may
bring about the opening of minute natural cracks or fissures,
and thus lead to the partial destruction of the stone. Newly-cut
stone should be seasoned by exposure to the air for some time
before using, to get rid of the ‘‘quarry sap,” or moisture which
exists in the stone before removal from the bed in the quarry.
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It is most important that all stone should be placed on its natural
bed, that is, in the same position as that in which the strata were
originally deposited. The object is to obtain the maximum
strength to resist craushing, as well as the maximum resistance to
disintegration due to the action of frost. All sedimentary rocks
have been formed in layers, which must be placed at right angles
to the direction of the pressure which comes upon them. If the
load be applied to the stone with the lamins vertical, or with the
grain ‘“‘end on,” its crushing strength is considerably reduced.
In addition, if built in position with the layers parallel to the face
of the wall, the stone will flake off layer by layer as the result of
each succeeding frost. In ordinary walling, the lamine are
arranged horizontally, but in all cases they must be placed with
their edges at right angles to the face of the wall. In arches,
the natural bed must come as nearly as possible at right angles
to the direction of thrust, and perpendicular to the face of the
arch. To ascertain if a stone has been laid on its natural bed
the usual method is to brush away any stone dust and pour water
on the surface, which, in many cases, will cause the lines of strati-
fication to become visible. The mason is generally able to “ feel ”
the direction of the grain when working the surface, but this
“ plane of easiest cleavage” does not always coincide with the
natural bed. It is often extremely difficult, if not impossible, to
distinguish the natural bed in a block of stone, and it is always
best to have the stone marked at the quarry.

Hardness is a property of much importance for mechanical
purposes, especially where stone is exposed to the effects of
friction and wear, or of running or dripping water. Stone is
usually softer in the * green ” state when first quarried, becom-
ing harder with seasoning. Hardness is the quality which more
than any other affects the cost of the stone in working. For
carving, a soft stone would naturally be selected, but as a rule,
the hardest and densest stone, if uniform in texture, will be found
most suitable for ordinary building and mechanical purposes.

Strength is often regarded as of secondary importance, but it .
should be borne in mind that although stone may be safely used in
compression, it has very little transverse, and practically no tensile,
strength. The compressive strength as determined by crushing
8-inch cubes in a testing machine, may be regarded as an index of
general quality, and such tests afford a convenient means of ascer-
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taining the suitability of a stone subjected to any excessive or
unusual stresses. The safe load to which stone is subjected in.any
structure should not exceed one-tenth of its ultimate strength as
determined by experiment, but in practice the actual load is
usually very much less than this.

Weight is closely related to the density, and therefore the
porosity of a stone, the effect of which has already been
noticed. It is usual to test for porosity or absorption by im-
mersing a sample in water for.twenty-four hours, and noting
the weight of water absorbed. The best stones, as a rule,
absorb the least water, the average being for sandstone 10 per
cent., limestone 17 per cent., and granite not more than 1 per
cent. Weight is very often in itself a useful quality. Thus, for
retaining walls, piers, columns and marine work, a heavy
stone is required, whilst for parts which have merely to support
their own weight, a light stone is to be preferred.

Classification of 8tone.—The different varieties of stone used
for constructional purposes are generally divided into two
classes :—(1) igneous, and (2) aqueous or sedimentary. The
tgneous rocks, such as granite, are of volcanic origin, and have
been produced in a state of fusion. The sedimentary or stratified
rocks, such as sandstone and limestone, have been deposited in
water, and subsequently subjected to enormous pressure due to
the weight of the strata above. It has, however, been found
more convenient in describing the composition, properties and
uses of stone for mechanical purposes to adopt the following
classification :—(1) Granites, (2) Slates, (8) Sandstones, and
(4) Limestones.

Granite is usually composed of (a) felspar, which is an
anhydrous silicate of alumina and potash having the composi-
tion Bis0s(KO); . Al0g, (b) mica, also an anhydrous silicate of
alumina and potash of the formula KgH . Als(8iO,); and
(¢) quartz, or anhydrous silica, 8i0,, variations in the proportions
of these constituents producing wide differences in both colour
and structure. The average proportions are :—felspar 40 to 50
per cent., quartz 40 to 80 per cent., and mica the remainder.
Excess of felspar causes the rock to decompose rapidly on ex-
posure to. the weather, producing the china clay or kaolin, a
hydrous silicate of alumina of the formula AljOs.28i0,.20H,,
found in Cornwall and Devonshire. From this it follows that
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certain varieties of granite do not withstand the influences of
air and water so irresistibly as is commonly supposed. The
durability depends upon the quantity of quartz, and the nature
of the felspar. Quartz is a hard, glassy, crystalline variety of
silica, and if present in large proportion the granite is difficult
to work, but will weather well. Mica is present in thin scales,
which may be detached with a knife. It gives the glistening
appearance to granite, but is easily decomposed, and is a source
of weakness. In syenite, which is usually included under the
term granite, hornblende, which is an anhydrous silicate of lime
and magnesia, 5(MgCa)0.68i0,, takes the place of the mica,
and imparts a darker colour. Igneous rocks other than granite
are of little importance for engineering purposes. Granite
possesses great strength, and will withstand rough usage and
enormous wear. It is extensively used in engineering works
such as docks, piers, breakwaters, lighthouses, bridges, ete.,
and is invaluable for any purpose where a heavy load is to be
carried, or where weight and durability are the chief considera-
tion. The harder varieties are also largely used for street paving,
and for road metal. If of good quality, it is not much affected
by acids, but the surface is found to suffer considerably from
the effects of a high temperature. It is capable of taking a
high polish, and on this account is much employed for decora-
tive and monumental purposes. In mechanical engineering,
it is used for the rollers of crushing mills, and for the runners
and bed plates of edge runner mills for treating sugar,
tartar, straw, paper, oilseeds, etc. =The Scotch granites have
a high reputation for strength, beauty, and durability, the
best known varieties being the pink from Peterhead, the grey
from Aberdeen, and the black and white from Dalbeattie.
Cornish and Devonshire granites are mostly grey in colour, and
are not 80 highly esteemed as the Scotch. The granites from
Leicestershire and the Channel Isles are syenitic, and being very
hard and difficult to dress, are suitable only for paving setts.
Norwegian granite is now largely imported, and may be had in a
variety of colours, red, grey, blue, and black.

Clay is a hydrated silicate of alumina, containing from
45 to 65 per cent. silica, 22 to 40 per cent. alumina, and
from 5 to 18 per cent. water, with small quantities of lime,
magnesia, and iron oxide. Clay has been derived from the
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disintegration and decomposition of the felspar in granite,
gneiss, mica, and slate. Claysare either residual, or transported.
The former, of which china clay or kaolin is an example, are
found overlying the rocks from which they have been produced.
Transported clays have been deposited under water in beds at
the bottom of seas, lakes, or estuaries. All ordinary brick clays
belong to this class. The most important property of clay is its
plasticity, which is due to the water combined with the silicate
of alumina. Some portion of this water is held by absorption
in the pores of the clay, and may be driven off on heating to
212° F. The dried clay may still contain as much as 10 per
cent. of water in chemical combination, and this can only be
expelled at a much higher temperature, say 1100° F., the
material completely losing its plasticity, and becoming hard and
rigid. Advantage is taken of this property in brick-making, the
constituents in presence of the flux supplied by the lime being
fused into a homogeneous mass during “ burning.” Fireclay
does not contain the materials for forming a flux, and resists
fusion on account of the large proportion of silica which it
contains, which varies from 65 per cent. in Stourbridge fireclay
to as much as 86 per cent. in that from Dinas. Firebricks are
deficient in strength, but withstand the highest temperatures,
and are much used for lining furnaces and ovens. Glazed bricks
are made from fireclay, and have a thin glaze on the surface,
produced by throwing common salt into the kiln during burning.
At the high temperature possible with firebrick, the salt is
volatilised, and the vapour combines with the silicate of alumina
to form glass, which fills up all the pores and covers the surface.
A similar process is employed for glazing stoneware, which, how-
ever, is produced at a temperature sufficiently high to vitrify
the mass throughout, rendering it quite impervious even when
unglazed. The colour of clay is due to the presence of metallic
oxides, chiefly oxide of iron, a small amount of which on burning
imparts & yellow colour to the brick. A rather larger proportion
produces the ordinary red appearance, and with 8 or 10 per cent.
of iron in the clay, burning at an intense heat converts the red
into the black oxide, which combines with the silicate to give the
dark blue colour characteristic of the very hard and dense Stafford-
shire blue bricks so much used in engineering work. Devon-
shire clay, being free from iron, is white when burnt, and is
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therefore particularly suitable for pottery. China clay or kaolin
(8o called from a mountain of that name in China), which
abounds in Cornwall and Devon, is the purest form of clay,
having the largest proportion of alumina in its composition,
but ordinary potter’s clay contains a variety of impurities. To
prevent excessive shrinkage and cracking during burning, clay
for stoneware is mixed with a certain proportion of sand, ground
flint being incorporated with potter’s clay for the same reason.
Almost all clays require some preparation for brick-making.
Thus both silica and lime must be added to the purer or
strongly plastic clays, whilst the loamy or sandy clays require
lime only, and the marls or calcareous clays may sometimes be
used without any addition. Clay puddle is largely used in
engineering work for the purpose of rendering a structure
watertight, as for instance, in lining canals and the embank-
ments of reservoirs. Even in their natural condition such clays
as those of London and Oxford are practically impervious to
water. Most clays, however, may be utilised for puddle by
‘“ tempering,” or working up the clay with water so as to fill
every pore. It is upon this power of retaining water that the
ability of puddle to exclude water depends.

Slate is & metamorphic rock, i.c., one originally deposited as
a fine muddy sediment, and subsequenfly changed or meta-
morphosed by heat and pressure. Common slate is an
argillaceous or clay-like rock, very compact and fine grained.
It does not readily part along the original bed, but may be split
quite easily along ‘‘ planes of cleavage '’ which have been caused
by intense lateral pressure long after the rock was consolidated.
Slate is hard and tough, and should not absorb water to any
appreciable extent. Hence its value as a roof covering, as in
addition it can be obtained very thin and light. There are
quarries of enormous extent at Penrhyn and Llanberis, near
Bangor in North Wales, the slates from which are either blue
or red in colour. Slates from Cumberland and Westmorland are
remarkable for their beautiful green colour and great durability,
whilst those from Delabole in Cornwall are dark grey. The
variation in colour is due to the proportion of iron contained.
Slate slabs from 1 to 8 inches thick, and from 6 to 8 feet long, are
also produced, and are largely used for many purposes connected
with engineering and mechanical work. They may be used ‘ self-
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faced ” as split from the blocks, or may be sawn to shape or
planed in a machine similar to a metal planing machine. They
may therefore be fitted with great accuracy, and are in consider-
able demand for cisterns, vats, baths, sinks, troughs, shelves,
billiard tables, mantelpieces, flooring, sanitary fittings, etec.
Enamelled slate is produced by first painting the surface and dry-
ing at about 800° F. in an oven. The enamel is then applied,
re-stoved, and afterwards rubbed down, the operation being re-
peated several times, after which the slate is polished with rotten
stone and varnished. Slate has been largely used by electrical
engineers for switchboards on account of its high insulation
qualities. Slate blocks of considerable size can also be obtained,
and are sometimes substituted for masonry where transverse
strength is required. The strength of slate 1 inch thick is stated
to be equal to that of stone 5 inches thick, and as its resistance
to shear is also much higher than stone, slate dowels or Joggles
are much used for the joints of heavy masonry.

Sandstone is composed of grains of quartz or sand cemented
together by silica, or by carbonate of lime or chalk, with which
may also be present carbonate of magnesia, alumina, and iron
oxide. Sandstones are thus divided into two main classes,
siliceous and calcareous, according to the nature of the
cementing material. The grains of quartz are practically
indestructible, and therefore the durability of the stone depends
upon the cementing medium. When this is of a siliceous nature
the stone is more durable than when the grains are held together
with a calcareous (chalk-like), or an argillaceous (clay-like)
substance. If the stone contains much carbonate of lime it is
rapidly acted upon by the carbonic acid of the atmosphere, and
the grains being loosened, the stone crumbles away. The
sulphurous and other acids in the smoke of large towns,
although most destructive to limestone, have little effect on the
siliceous variety of sandstone, which is exceedingly durable,
especially when free from oxide of iron. To the latter substance
the colour of the stone is generally due. Commercially, sand-
stone is classified under several heads: (1) Thick-bedded, or
Jreestone, which is the best and most homogeneous rock, capable
of being broken almost equally well against as with the bedding ;
(2) flagstones, which have a good natural cleavage, caused by
plates of mica in the beds, and which split readily in the
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direction of the bedding, forming flags of almost any size and
thickness ; (8) tilestones, which are thin-bedded flags, sometimes
used for roofing in place of slates; (4) grits, which are close-
grained, strong, and hard sandstones from the ‘ Millstone grit ”
formation. Having a high resistance to crushing and wear,
they are much used for engine and machine beds, foundations,
sea walls, etc., where blocks of large size are required. A hard,
compact stone quarried at Kenton, Burton, and other places in
the neighbourhood of Newcastle-on-Tyne, is much used for
grindstones. A special fire-resisting variety, known as fire-
stone, is in high repute for the floors of glass furnaces, etc.,
for boiler flues, and also for hearths. It is a soft calcareous
sandstone quarried at Godstone in Surrey, and at Wideopen,
near Newcastle, and is obtainable in slabs up to 10 inches thick.
The most important deposits of sandstone occur in the carboni-
ferous series adjoining the coal measures, as at Leeds, Bradford,
Halifax, Huddersfield, Morley and Wakefield in Yorkshire, at
Newcastle-on-Tyne, in Mid-Scotland near Edinburgh, in the
Forest of Dean, etc. The many varieties of Yorkshire sand-
stone, all of which are strong, and wear and weather well, are
known under the general term of Yorkstone, or “ Hard York.”
Craigleith, a whitish grey calcareous sandstone quarried near
Edinburgh, is said to be the most durable sandstone, combining
the hardness of granite with the beauty of freestone, but the best
beds are now almost worked out. Mansfield stone, from Notting-
hamshire, oceurs in two varieties, red and white, the former
being considered the most durable. It can be obtained in large
blocks, and is suitable for carving and the finest work. A
remarkably strong and hard Irish sandstone, known as “ Sham-
rock,” from county Clare, is now extensively used.
Limestone.—Several varieties of limestone, such as chalk,
marble, Portland stone, etc., are composed of nearly pure
carbonate of lime (CaCOs). Others contain a considerable pro-
portion of carbonate of magnesia (MgCOs), and are then known
as dolomites, or magnesian limestones. Limestones in which a
large proportion of clay is present are termed marls. Limestone
is either of chemical, or organic origin, in the first case being
formed by precipitation, and in the second from the remains of
animals. Carbonate of lime is readily attacked by carbonic acid
in the presence of moisture, and is rapidly decomposed by sul-
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phuric and other acids. Hence, as a rule, limestone is not so
durable as sandstone, being liable to attack from the acid fumesin
the atmosphere of large towns. Limestone differs greatly in hard-
ness and texture from soft chalk to hard, dense marble. For
mechanical purposes, five varieties may be distinguished, viz.:
(1) compact; (2) granular; (8) shelly; (4) magnesian; and
(6) marble. Compact limestone, such as Kentish rag, has a dull
earthy appearance, and is devoid of crystalline structure. Lias
limestone, used for making hydraulic lime, also belongs to this
class. The chief uses are, however, for road metal, and as a flux
for blast furnaces and foundry cupolas, also in bleaching, tanning,
and other industries. Granular or oolitic (egg-like) limestone con-
sists of grains of carbonate of lime cemented together by the same
substance. The grains vary greatly in size, from very fine and
uniform, as in Chilmark, to the large egg-shaped grains of Bath
stone. This class includes many of the best known and most
important building stones of this country. Portland stone,
which consists of a mass of fossils cemented together by carbonate
of lime, i8 very tough and strong, and as it resists the action of
water in a remarkable manner, it has been much used for docks,
sea-walls, breakwaters, fortifications, etc. Caen stone, imported
from Normandy, is invaluable for interior carving, but weathers
badly. Shelly limestone consists almost entirely of small shells
cemented together. Purbeck stone, sometimes called marble, and
the carboniferous limestones from Hopton Wood in Derbyshire,
and Pateley Bridge in Yorkshire, are examples of this class, and
are largely used for paving. Magnesian limestone or dolomite, which
is an anhydrous carbonate of lime and magnesia, (CaMg).2COs,
contains from 15 to 40 per cent. carbonate of magnesia. It is a
soft, easily worked stone, of yellowish colour, and is fairly durable,
except when exposed to a sulphurous atmosphere. The principal
quarries are at Anston, Huddlestone, and Roche Abbey, in York-
shire; at Bolsover, in Derbyshire ; and at Mansfield, in Notting-
hamshire. An important and extensive use of dolomite is for the
production of the basic lining of the Thomas-Gilchrist steel con-
verter. Marble is, strictly speaking, a hard compact limestone,
capable of taking a high polish. True marble is practically pure
carbonate of lime, CaCQOg, but the name is now understood to
include stones such as serpentine, alabaster, and dolomite, which
have an entirely different composition. Marble is extensively used
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Table of Properties of Stone.

Weight per| Crushing
_ g | vt | Arpen
in lbs, square mt. «Ey weight.
Granites :
Peterhead 166 1,200 0-29
Corennie . 163 1,320 0-42
Rubislaw (Aberdeen) 164 1,290 0-09
Cornish . 162 1,060 012
Mount Sorrel (Lelcestershlre) 164 830 0-31
Norwegian . 168 1,180 026
Slates :
Welsh . 172 1,200 0-50
Sandstones :
Craigleith . 146 560 8-60
Scotgate Ash 160 700 840
Lightcliffe . . 15g 820 2-30
Elland Edge . 15 710 3-30
Idle, Bradford [ Yorkshire . | gq 725 3-40
Morley . . . 160 470 500
Robin Hood 144 590 4-00
Darley Dale 148 650 34
Mansfield (Red) . 143 590 4-60
Forest of Dean (Blue) 149 530 2:70
Shamrock (Irish) 186 2,200 1-84
Limestones :
Ancaster 156 550 16
Bath . 130 120 17
Kentish Rag 166 470 1-50
Portland 135 280 13
Purbeck . 170 590 15
Hopton Wood 158 540 16
Magnesian Limestones:
Anston 144 300 7-50
Bolsover . 152 480 —
Mansfield (Yellow) 146 575 4-62
Roche Abbey . 139 250 17
Marbles:
White Italian 168 1,400 trace
Pentelikon . 169 1,100 trace only
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a8 a decorative material, as it may be obtained in almost any colour
and with a great variety of beautiful markings. The colour is
derived from the presence of metallic oxides, and in “ madrepore ”
marble the *figure” is due to embedded fossiliferous remains.
The crushing strength of marble is very high, and the percentage
of water absorbed is only slight. The handsome varieties are too
expensive to admit of their use for any but ornamental purposes,
but the commoner kinds make excellent paving for floors, and
the rougher material is used as a flux, etc., for chemical purposes,
or is burnt for lime. Marble finds an extensive application in
electrical engineering for switchboard work. The presence of
veins due to metallic substances is objectionable, and preference
is therefore given to the softer and whiter varieties. Formerly,
most of the white marble came from Italy and Greece, but of
late years a less valuable material, only slightly veined, has been
largely imported from Norway in the form of slabs, suitable for
counter tops, switchboards, etc. The polishing process is per-
formed by machinery, sand being first used, then pumice stone,
followed by rotten stone, and finally putty powder.

Lime, or quicklime, is oxide of calcium, Ca0O, in a more or less
pure state. It is obtained by burning or ‘ caleining ” limestone,
chalk, or marble, in a suitable kiln, a red heat continued for a
few hours sufficing to drive off the whole of the carbonic acid gas,
thus :—

) CBCOB = Ca0 + COa.

The operation is continuous, broken limestone and fuel being
thrown in at the top of the kiln, and the lime raked out at
intervals from below. Quicklime possesses caustic properties in
a high degree, rapidly destroying any organic matter with which
it comes in contact. It is therefore of great value in agriculture,
and is much used for disinfecting purposes. It *slakes,” or
combines with water with great violence, giving out much heat,
and falling into a soft white powder, which is hydrate of lime, or
as it is termed, * slaked lime,” thus :—

Ca0 + OHQ = C&HQOQ.

Hydrate of lime dissolves in water, forming a solution known as
“ lime-water,” which rapidly absorbs carbonic acid from the
air, and is converted back again into carbonate :— .

CBHQOQ “+ COq = CBCOa + OH;.
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The * setting *’ of lime depends on the absorption of CO;z by the
calcium hydrate, crystals of carbonate being formed which readily
adhere to any rough surface. The use of mortar in building
operations, and of plaster for covering the surface of walls,
depends upon this action during setting. Limes are classified
as follows : (1) Pure, rich, or “fat” limes, which contain less than
6 per cent. of total impurities. Fat lime increases enormously
in bulk when slaked, but sets slowly, and is deficient in strength,
being used only for plastering and whitewashing. (2) Poor or
lean limes, which contain from 15 to 80 per cent. useless impuri-
ties. They slake slowly, with little increase in bulk, and have all
‘the defects of fat lime in addition. (8) Hydraulic limes are pro-
duced from limestones such as those from the Lias formation
(hence termed lias limes), containing a mixture of clay, which
constituent confers the property of hydraulicity. They slake
with difficulty, but will set firm under water as well as in air,
and are most useful in damp situations. Mortar is composed
of lime and sand, usually in the proportion of 2 or 8 to 1. The
sand is added to promote setting, and to prevent excessive
shrinkage which would occur with pure lime.

Portland Cement—so called because when set it bears some
resemblance to Portland stone—is an artificial product prepared
by calcining and grinding a mixture of clay and chalk. A liquid
mud or “ slurry,” obtained by grinding together in edge runners
or pug mills chalk and clay in the proportion of 8 to 1, is passed
into a large circular tank, in which it is kept moving by revolv-
ing beaters to effect a thorough mixture. It is next pumped into
the upper end of a rotary kiln, about 7 feet diameter and 60 or 70
feet long, which is lined with firebrick, and set in an inclined
position on rollers, so that it may be revolved by power at any
required speed. A jet of gas and air, or of fine coal dust and
air, is blown in at the bottom of the kiln, producing an intensely
hot flame, with a temperature of 2500° F. in the region of the
lower end. The products of combustion, cooled down consider-
ably in traversing the length of the kiln, pass out to the chimney
at the upper end. In this way, water is evaporated from the slurry
by gentle heat in the upper part, the resulting “slip” being
thoroughly dried on reaching the middle of the kiln, and sub-
sequently burnt to *“ clinker ”” at the lower end. The semi-fused
clinker is delivered to a second, and finally to a third, revolving

M.T. o
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cylinder, through which cold air is blown, and when cool, it is
finally converted into cement by grinding to an extremely fine
powder in a ball mill. Fineness of grinding is now regarded as
of great importance, and the finer the cement, the greater the
strength developed. A cement of good quality will leave not more
than 20 per cent. residue on passing through a sieve of 180 holes
per linear inch, i.e., of 82,400 meshes per square inch. On adding
water, cement has the property of setting and becoming extremely
hard, either in air or under water, and as a binding material, it
is capable of adhering to, and uniting together with considerable
force, substances with which it comes in contact.

Concrete may be defined as artificial stone made by mixing
cement as the matrix, with an aggregate composed of sand,
crushed granite, broken stone or brick, etc., water in proper
quantity being added during thorough mixing, preferably in a
machine. The nature and proportions of the aggregate depend-
upon the purpose for which the concrete is intended. For medium
quality concrete, suitable for foundations, walls, arches, ordinary
floors, stairs, etc., the proportions should be 1 cement to 2} of
sand, and 5 of aggregate. Concrete is strong in compression, but
extremely weak in tension. Concrete with steel in the form of
rods or wires embedded in it is known as re-inforced concrete, the
steel being intended to take tensile stress, and compensate for the
deficiency of concrete in this respect. Very extensive use is now
made of re-inforced conerete for foundations, walls, floors, roofs,
and buildings, and for bridges, piers, and engineering structures.

Asphalte is a natural product, which is mined in the island of
Sicily, at Val de Travers in Switzerland, and Seyssel in France,
at Limmer near Hanover in Germany, and in Trinidad and Vene-
zuela. It consists of limestone impregnated with mineral bitu-
men, its composition being 80 to 90 per cent. carbonate of lime,
with 10 to 20 per cent. bitumen. The latter substance, which is
frequently mistaken for gas tar or petroleum refuse, is a natural
mineral pitch, consisting of 85 per cent. carbon, 12 per cent.
hydrogen, and 8 per cent. oxygen. It has probably been forced
into the rock in a state of vapour under enormous pressure.
Asphalte is employed in two forms, viz., powder and mastic.
The former is obtained by heating the pulverised rock at a
temperature slightly above the boiling point of water. This
drives off moisture, and partly liquefies the bitumen, which thus
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acts as a binder to the powdery mass when compressed by the
blows of the rammers used in laying the materinl. Asphalte
mastic is prepared by heating finely powdered bituminous rock
with about 10 per cent of refined bitumen in a mixing machine.
After heating to 400° F., the mixture is run into moulds, form-
ing blocks of about 56 lbs. weight. Asphalte makes excellent
roadways, and being impervious to water, is used for damp-proof
courses laid in the walls of buildings, for covering roofs, vaults,
and arches, and for lining tanks and reservoirs.

ABRASIYE MATERIALS.

Emery consists of an infimate mixture of corundum (oxide of
alumina) and magnetite (oxide of iron), which is found in nature
in North America, Spain, Asia Minor, the islands of the Greek
Archipelago, etec. Corundum occurs in transparent form as the
sapphire, translucent as commercial corundum, and in a black,
opaque mass as emery. On account of its great hardness, emery
is universally employed for grinding and polishing, and may be
had in the form of powder (flour or grain emery), as emery paper
or emery cloth, and in the form of solid discs, wheels, or bars of
various shapes and sizes. In the manufacture of wheels, the rock
emery as imported is finely pulverised and mixed with some
glutinous binding material. For the so-called “ tanite” wheel,
75 parts glue are steeped in water and melted by gentle heat,
25 parts tannin dissolved in methyl alcohol being added, and 600
parts of the finely ground emery stirred in and thoroughly
incorporated. The mass so obtained is subjected to pressure in
moulds previously heated to 220° F., and then raised to, and
maintained at, about 255° F. for some time. Both emery and
corundum have been used in this way for many years, but both
these substances are found to vary very much in quality, and the
supply shows signs of diminishing.

Artificial Substitutes for Emery have lately come into exten-
sive use, the chief of which are carborundum and alundum. The
former is a carbide of silicon (SiC), containing 68 per cent.
silicon, 80 per cent. carbon, and the rest lime, alumina and oxide
of iron. It is produced by fusing together in an electric furnace
at a temperature of about 4000° F. a mixture of sand, coke,
sawdust and salt. The Carborundum Co. has erected a large
works at Niagara Falls, operating with current furnished by the

o2
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hydraulic power plants of Niagara. The general arrangement of
the furnace is shown in section, Fig. 99, and in the photograph,

F1a. 99.—Electric Furnace for Manufacture of Carborundum.

Fig. 100. The end walls, of highly refractory brickwork,
support the carbon electrodes, E, which, to the number of about

F1G. 100.—Elcctric Furnace for Manufacture of Carborundum.

twenty-five, take the form of square bars grouped together.
Between the separate bars are fixed plates of copper, to which the
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cables, K, carrying the electric current are connected. The
mixture of sand, coke, sawdust and salt is seen at M. The latter
substance is introduced to remove impurities, such as iron, the
resulting chlorides being driven off by volatilisation at the high
temperature. A core of carbon, C, broken up into small pieces,
is arranged in the centre of the mass, and is brought into
thorough contact with the electrodes by embedding the latter in
powdered charcoal at P. The furnace carries a current of 2,000
electrical horse-power, which is run for thirty-six hours. The
arc produced between the electrodes causes the silica (SiO,),
contained in the sand to unite with the carbon, thus:—

8i0; 4 8 C = 8iC 4 2 CO.

A section of the furnace at the close of the operation is shown
at (d), Fig. 99, in which will be seen the carbon core surrounded
by a layer of graphite, with the crystalline carbide of silicon
(carborundum), and the so-called * white mass’ of amorphous
carbide of silicon on the outside, M being the portion of the
mixture remaining unaffected. Crystolon is the name given by
the Norton Co., the well-known American makers of grinding
wheels, to a carbide of silicon product of their manufacture,
which closely resembles carborundum in its properties and
method of preparation. In Germany, the same substance is
known by the names of carbosilite and electrorubin. Crystolon,
being extremely hard and brittle, is highly efficient for grinding
and polishing materials of low tensile strength, such as cast iron
(ordinary or chilled), brass, bronze, marble, granite, pearl, etec.
Alundum is manufactured by the Norton Co., of Worcester,
Mass., U.8.A., who have a large electric furnace plant at Niagara
Falls for the purpose. Itis a erystalline form of oxide of alumina
(AlxOg), prepared from bauxite. Its chemical composition is the
same a8 that of the ruby, which is the hardest natural substance
next to the diamond. It is regarded as specially suitable for
grinding material of high tensile strength, particularly steel of
all kinds. Norton alundum wheels have proved of great value
in precision and tool grinding in engineering workshops.

Characteristics of Grinding Wheels.—Abrasive wheels are
used for an immense variety of purposes, to meet which a wide
range of different qualities, shapes, and sizes is required.

There are two distinguishing characteristics, viz., fineness and
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Hardness of Abrasive Substances.

Hard- ‘
N H Specifi ness |
Substance. for;:d, u{_‘: f:t; M?)?ns‘ |
scale. '
Diamond . . . | natural 35 10 )
GBI | o2 | 99 ||
Alundum . . | ] Glass
Electrite . . artificial | 39 to 43 | 925 ||
Diamantine . . |
Corundum . . )
Sapphire . . \ natural | 39 to 4:3 9
Ruby . . . .
Topaz . . . .
natural | 2:8 to 3-5 8 Will
Emerald . . [ S
cratch
Emery (Naxos) . . | natural | 39to 43| 8 Glass
»  (Asia Minor) . 39to43 | 75
Quartz . \
Flint ( natural 26 7
Agate . )
An ordinary File . . — — 65
Common Window Glass — — 56

hardness, either or both of which admit of variation in adapting
the wheel to the class of work to be done. The fineness, or size
of the grains of the grinding material, is expressed by the number
of meshes per square inch of the sieve through which they will
pass, and this number is referred to as the *“grit” or grain
of the wheel. ~ Thus, No. 80 is a grain which will pass through
a sieve of thirty meshes to the square inch but will be retained
on a sieve of thirty-six meshes, which is the next standard size, as
shown at page 199. Emery and carborundum are crushed into
grains numbered from 6 to 220, 6 being the coarsest, and 220 the
finest manufactured. It is, however, not practicable or necessary
to use the very coarsest or finest numbers in making wheels, and
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experience has shown that the following numbers meet all
ordinary requirements :—

Emery . . 16, 20, 80, 86, 46, 60, 70, 80, 90, 100, 120, and 150.
Carborundum 14, 16, 20, 24, 80, 86, 40, 50, 60, 70, 80, 90, 100, 120.
Alundum . 14, 16, 20, 24, 80, 86, 46, 50, 60, 70, 80, 90, 100, 120.
Two considerations govern the selection of the proper grit for
any piece of work, viz., the smoothness of finish required, and
the amount of material to be removed in a given time.
The Smoothness of Surface produced by emery of different

degrees of fineness may be compared to that left by files, as
follows : —

8 to 10 produce a surface similar to that left by a rasp for wood.

16 ,, 20 » » a rough file.

24 ,, 30 " » middle cut file.
86 ,, 40 » » bastard "
46 ,, 60 ” " second cut ,,
70 ,, 80 » » smooth "
90 ,, 100 ” ” superfine
120 F, and FF " dead-smooth ,,

Hardness, as applied to grinding wheels, is understood to refer
to the quality of resistance to disintegration. To form a wheel,
the sharp, angular particles of the abrasive, or ‘ grit,” must be
embedded in some binding material, or ‘ bond,” for cementing
them together. After the particles have become dulled by the
act of grinding, they must be allowed to break away in order to
keep the wheel sharp. The longer the particles are retained, the
duller they become, and the greater the pressure required to
make the wheel cut. The hold, or grip of the bond upon the
grits, is accepted as equivalent to hardness, and the term grade
refers to the degree of resistance to the breaking out of the
particles possessed by the wheel. Different grades are obtained
by varying the nature of the binding material used to hold the
grains together.

The various processes of manufacture are distinguished chiefly
by the substance employed to cement the grains together. The
essential feature of the “bond” is that it shall wear away about
as fast as the grains themselves, so as not to remain projecting
beyond the true surface of the wheel when the grains are
detached, nor to combine with the cuttings of the material
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operated upon to form a glaze. At the same time, it must not
be affected by water, or by the heat produced by grinding, and it
must be sufficiently strong to withstand the centrifugal force due
to the high speed at which the wheel must be run. The various
cementing materials in more or less successful use are: (1) com-
mon glue hardened with tannin, as in the ‘ tanite” wheel;
(2) vulcanite, or hard rubber; (8) asphaltum; (4) celluloid ;
(5) shellac ; and (6) silicate (i.c., a mixture of silicate of soda and
chloride of calcium).

It must be admitted that wheels produced by either of the
first five processes (known as composition wheels) are liable to
the defect of gumming or glazing, as the bond takes little or
no part in the operation of grinding. A more scientific and
efficient process is to employ a cementing substance which may
be fused or burnt during manufacture, and which therefore
possesses some value a8 an abrasive. Vitrified wheels produced
in this way are porous, and easily penetrated by water without
being injuriously affected. As all grinding should, whenever
possible, be performed wet, this is a very valuable property.
For grinding chilled iron or hardened steel rolls, or for finely
finished and highly polished surfaces, the quality of elasticity is
indispensable, and it has been found that this is best attained
with wheels made by the shellac process, and therefore known
a8 elastic wheels.

Carborundum and alundum wheels are produced by three
different processes known as vitrified, silicate, and elastic. The
vitrified wheel has proved superior for most grinding operations,
and the majority of wheels are now made in that way. The grit
is mixed with bonding clay of the proper consistency, is run into
moulds, and when sufficiently dry to handle, the wheels are
placed in a kiln and subjected to the temperature at which the
bond vitrifies, for a period of from six to twenty days, depending
on the size. In the silicate process the bond and grain are mixed,
and while in a plastic state are tamped into iron moulds, and
baked at & low temperature. For tool and knife sharpening,
silicate wheels answer well, and the process is generally adopted
for wheels of large size. Elastic wheels made by the shellac
process are especially useful where highly-polished surfaces are
required, or for operations in which wheels with thin sharp
edges are necessary.
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A wheel from which the particles are easily detached is called
soft, and for emery, corundum, and alundum wheels the grade
from soft to hard is denoted by letters, A being extremely soft,
M medium grade, and Z extremely hard, as shown in the table
below. The Carborundum Co. have, however, adopted the reverse
nomenclature, a practice which, it is to be feared, has led to no

little confusion.

Grade Scale for Degree of Hardness of Grinding Wheels.

Alundum and

Medium Soft .

Medium

Medium Hard

Hard

Extremely Hard

Medium Soft

Medium

Medium Hard .

Hard

Extremely Hard

I

NHKIE<AHRTOWOZEH RS-~ & @ HEYgQWE>

Emery and Corundum. Crystolon. Grade, Carborundum.
Extremely Soft

Very Hard
Soft Soft .

G x

Hard

Hx

Ix

Medium Hard

Medium

Medium Soft

Soft

Very Soft

Very Very Soft

The intermediate letters are referred to as degrees harder or
softer ; thus L is one degree softer than medium, and O is two
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degrees harder than medium on the emery scale. It is found
that grades M, N, O, P, Q, and R afford a sufficient range for
general engineering and foundry purposes, as shown in the table,
p. 202.

Belection of Proper Grain and Grade.—The proper degree of
coarseness and hardness can only be determined by trial. As a
general rule, a hard wheel acts slowly, and tends to become
“ glazed,” or clogged with particles of the material being ground.
On the other hand, a soft wheel cuts rapidly, the particles being
abraded, and a fresh surface of the wheel exposed. The speed
at which the wheel is run is a matter of great importance. If
too high, the wheel will glaze and the work become heated, and
if run too slowly, the wheel wears away rapidly, doing little
work. The best results are obtained with a peripheral speed of
not less than 4,000 and not more than 6,000 feet per minute,
and this would appear to vary very little whichever kind of
abrasive is employed.

Hones and Oilstones used in setting the edges of cutting tools
belong to the class of sandstones. The name oilstone is derived
from the fact that oil must be used to float off the fine particles
of steel removed from the tool in sharpening, in order to prevent
filling up the minute pores of the stone. The oil must not be
allowed to coagulate upon the surface of the stone, or it will
considerably diminish, if not altogether destroy, the cutting
action. This is due to the small, sharp-pointed grains or crystals
of silica, which are hexagonal in form, and being harder than
steel, will cut away and sharpen hardened steel tools. A number
of varieties of natural oilstone have been put upon the market,
differing widely in abrading power .or rapidity of cutting, and as
a general rule it may be stated that *fast cutting” is almost
synonymous with *coarseness of edge ” produced. An oilstone
must be of uniform texture and of even grain throughout, as,
unless it wears quite evenly, it cannot produce a smooth,
unscored edge. Thin veins of quartz are sometimes present,
which are harder than the stone itself, and therefore wear away less
rapidly, with the result that the cutting edge of the tool may be
badly scored. The chief varieties of oilstone in use are as
follows: (1) Washita, found at Hot Springs, Arkansas, U.S.A.
This stone resembles carved marble in appearance, but is really
a hard compact white sandstone, being composed of nearly pure
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silica. The best stone is very porous, of uniform texture and
perfect crystallisation. The poorer grades are vitreous, or
‘ glassy,” rendering the stone almost worthless. For joiners’
and woodworkers’ tools, in which quick cutting rather than
fineness of edge is the chief desideratum, Washita is much in
request. (2) T'urkey Stone is quarried in Asia Minor, and is a
very fine close-grained stone, containing about 75 per cent. of
silica, intimately blended with about 25 per cent. calcite. The
colour ranges from white to very dark grey, and may be of
several shades in one and the same piece. It possesses excep-
tional abrading qualities, and . will cut the hardest steel with
very little pressure, but is incapable of imparting a very fine
edge. It is very variable in quality, and although expensive, is
difficult to obtain of serviceable size without seams or flaws.
(8) Charnley Forest Stone, found near Mount Sorrel, in Leices-
tershire, is dark grey or greenish in colour, with red markings,
and is much less costly than Washita or Turkey. If is of medium
cutting quality, but gives a tolerably fine edge, and answers well
for woodworking tools. (4) Arkansas is composed of pure silica,
and is found in the same district as Washita, which it resembles,
but is more compact, of much finer grain, harder and more
transparent. It is much the best stone for sharpening very fine
edge-tools, such as those used by engravers, surgical instruments,
ete., and it will both cut and polish the hardest metals. The rock
is difficult to quarry, being badly cracked and streaked with
quartz, so that only a very small proportion of pure, sound stone
can be obtained, and that of comparatively small size. Arkansas
is consequently very costly, or at least four times more so than
Turkey. (5) Belgian Honc is largely used for fine cutlery,
razors, etc. It is a fine soft-gritted stone, capable of imparting
a keen, lasting edge. It is full of coloured veins or spots,
which distinguish it from other varieties, but do not in any way
affect its sharpening qualities. (6) German Hone consists of a
thin “rubber ” of very soft yellow-green stone cemented upon a
thin layer of somewhat harder stone of a dark blue colour. Its
use is limited to setfing razors, to which it readily gives the
smooth, “ gummy ” edge so much desired. (7) Scotch Ilone, or
Water-of-Ayr Stone, is used with water instead of oil, and must
be kept constantly wet to preserve its good qualities. It is used
to some extent by carpenters, tool-makers, instrument makers
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and opticians, but largely for polishing marble, lithographic
stones, etc. (8) Chocolate Stone, and one or two other similar
varieties of fine gritted sandstone, quarried in Indiana, U.S.A.,
may be used dry, or with either oil or water, with equally good
results. They are much softer than Washita, and wear away
much faster, but leave a fairly fine edge. (9) Artificial Oilstones,
such as India Stone, which is made from corundum, and those
produced by the Carborundum Company, are specially suitable
and convenient for engineers’ use, the grit and grade being
adapted for sharpening lathe and planer tools, milling cutters,
drills, reamers, etc., or for any other purpose.

ASBESTOS, from the Greek signifying ‘incombustible,” is a
highly fibrous mineral, more nearly resembling silk than stone.
It is said to melt at about 2800° F., and its application in the
industries is due to its incombustible nature, and to its properties
as an insulator of both heat and electricity. As a packing and
jointing material, especially for high temperatures, it is almost
without a rival, and forms the basis of many well-known
preparations. Asbestos is occasionally found as a deposit in
some of the oldest rocks which form the earth’s surface, such
as hornblende or amphibole, augite, mica, chrysolite, and
serpentine. Like the rocks which surround it, asbestos is mainly
composed of silicate of magnesia SiOsMg, together with some
lime, alumina and iron. Its colour varies from yellow or brown
to green or blue, although some varieties are snowy white. It
is usual to classify asbestos either as of amphibole or chrysolite
variety, the difference being chiefly in the amount and condition of
the water contained. The amphibole variety contains about 5 per
cent. of water, all of which is in combination, whereas in chryso-
lite about 15 per cent. of water is present, of which 8 per cent.
i8 hygrosccpic or free. It follows that when heated to 1200° F.,
the strength and other properties of chrysotolic asbestos are
seriously affected, whilst on the other hand, the amphibole variety
can withstand a temperature nearly twice as high. Unfortunately,
the fibre of amphibole asbestos is invariably so brittle that it
cannot be spun or woven, and for commercial purposes this
variety is of comparatively little value. Very large and abundant
deposits of chrysolite asbestos have been discovered in various
parts of the world, the quality being tough, with long silky
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texture, and capable of being spun and woven with ease. The
present sources of supply are the Italian Alps, Russia, Canada,
and South Africa, of which the two latter are by far the most
important. The Cape asbestos is long, soft and very flexible,
and is of a beautiful blue colour due to the presence of a
certain amount of oxide of iron. This is said to render blue
asbestos unsuitable for electrical purposes. The asbestos-bearing
rock, which is mined in open pits, is first crushed or disintegrated,
and then “cobbed ” by hammering and screening, and assorted
by means of packing belts into three classes: (1) long fibre
for spinning and weaving, (2) short fibre for millboard and
similar uses, and (38) residue or powder, which is utilised for
cement, paint, pipe and boiler coverings, etc. Under each of
these heads, the various applications of asbestos are exceedingly
numerous. As a fire-resisting material in the form of double
boarding for safety curtains in theatres, partition walls, firemen’s
and electricians’ gloves and clothing, lamp wicks, lumps for gas
fires, and as a paint for wooden structures, it is very largely used.
For jointing steam and water pipes, it is supplied in the form
of millboard, or in rings, with rubber, wire gauze or thin sheet
metal insertion, to give the necessary strength and durability.
In combination with rubber, it is also extensively used for piston
and valve rod packing, and also for glands, cocks, etc., a form
which, with the increasing use of superheated steam, has almost
displaced all others. As a heat-insulating material, it is emnployed
in two forms, either as a *‘ sectional "’ covering for steam pipes,
boilers, etc., or as a cement for large or flat surfaces. In the
first case, asbestos fibre mixed with carbonate of magnesih is
moulded into half cylinders, which being held together by an
outer covering of canvas can be clasped round the pipe, and
secured in position by means of flexible steel bands provided with
buckles. Asbestos cement is a mixture of residue with infusorial
earth (kieselguhr), itself a bad conductor, to which felt refuse
is added as a binder. This may be made into a paste by the
addition of water, and plastered over the surface to be protected.
Asbestos has also proved a valuable material for electrical purposes,
being a good insulator and at the same time non-inflammable.
Bricks, tiles, slabs, and slates of asbestos for walls, ceilings,
partitions, roofs, etc., are now largely used in fireproof building
construction. The slates are much lighter than ordinary slates,
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and can be sawn, nailed, and painted quite readily. Uralite is
composed of asbestos fibre cemented together by a mineral glue,
and pressed into sheets or slabs of two kinds, hard and soft. The
hard variety is intended for external work, partitions, ete., and
the soft for insulation, jointing, fire-resisting doors, ete.

GLASS is a silicate of at least two metals of different groups,
one of which must be an alkaline metal. The alkaline silicates
possess the property when fused at a high temperature of dis-
solving a considerable quantity of silica. Glass is thus a mixture
of various insoluble silicates with excess of silica. Two principal
varieties of glass are recognised commercially, viz.: (1) glass
composed of silica, alkali, and lime, of which crown and plate glass
are examples, and (2) glass containing a large proportion of lead
silicate, as in the case of flint glass. It is found that lead increases
the fusibility, and renders the glass denser and more lustrous.
Common green bottle glass contains a large amount of silicate
of iron, to which the colour is due. For colourless glass it is
essential that no iron should be present, and plate glass, for
instance, must be made of the purest materials. The process of
glass manufacture is, in principle, exceedingly simple. Silica in
the form of sand is heated with carbonate of potash or soda, and
either slaked lime or lead oxide. These ingredients, termed * frit,”
fuse and combine together at a high temperature, say 2700° F.,
the melted mass of ‘“metal” becoming perfectly “clear and
extremely fluid. The melting is effected in large crucibles or
“pots " of refractory fireclay, each containing about 22 cwts.
About one-third of the whole charge is always composed of broken
or waste glass, which is known as “cullet.” The molten mass
on cooling gradually assumes a soft pasty condition of which
advantage is taken by the workman in the operation of * blowing.” -
A lump weighing about 201bs. is collected on the end of the blow-
pipe, which is an iron tube, 5 or 6 feet long, provided with a
wooden mouthpiece. By blowing, the lump is enlarged into a
flask-like vessel, the shape of which depends upon the position
in which it is held, and the velocity of rotation of the tube, which
is kept constantly turning. Glass is classified as crown, sheet, or
plate. Crown glass is made in large circular tables, the large
globular flask produced by blowing being transferred from the
blow-pipe to the end of an iron rod, which is rotated with such
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rapidity that by centrifugal force the flask presented to the heat
of the furnace is made to assume the form of a thin flat disc
or “table.” This is laid on a support, and after cutting off the
rod, is removed to the annealing furnace, and allowed to
cool slowly. The “bull's eye” or bullion formed at the
point of attachment of the rod is removed on cutting up
the dise, the resulting pieces being about 16 inches X 12 inches.
In addition to the limited size, crown glass is not regular in
surface or thickness, often showing circular wave-like mark-
ings, and very little is now manufactured. In making sheet
glass, a globe is first produced by-blowing, and is then opened
and expanded into a large cylinder. After removal from the
rod, the neck portion is cut off, and the cylinder split up
longitudinally by a diamond. The cylinder with the split side
upwards is placed in the flattening kiln, and on softening by
heat, it gradually opens out and falls flat upon the table. As in
all processes of glass manufacture, it is finally annealed. The
thickness of sheet glass used for window glazing, picture framing,
ete., is expressed as the weight in ounces per square foot, the
standard thicknesses being 16, 21, 26, 82, 86, and 42 ozs. The
actual thickness of 21 ozs. may be taken at +; inch, and the others
in proportion. The stock size for medium thicknesses is about
4 feet X 8 feet. Plate glass is made by pouring out white-hot
glass on a flat cast iron table, a roller of the full width being
passed ovér the surface. When solidification has just taken
place, the plate is taken to the annealing furnace, on removal
from which it is known as rough cast plate, the material so
much used for glazing the roofs of railway stations, etc. The
surface is very uneven and the glass lacks transparency, requiring
to be ground and polished for the best work, such as shop
windows, ete. It is then described as polished plate, and can
be obtained in any thickness from 4% inch up to 1 inch, and
in sizes up to 100 feet super for the standard thickness of } inch.
Different colours may be communicated to glass by certain
metallic oxides. Gold, for instance, gives a ruby colour; oxide
of cobalt, blue; chromium oxide, emerald green; ferric oxide,
orange ; uranic oxide, yellow green ; tin oxide, opaque white, etc.
Opalescent glass for lamp shades, thermometer scales, etec., is
made by the addition of sodium fluoride.

Glass tubing is produced by forming a thick hollow bulb
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on the end of a rod, when a working rod is attached to the
other end, and the two rods drawn apart, extending the bulb
into a tube. Gauge glasses for steam hoilers, engine fittings,
etc., which have to resist internal pressure must be made of
specially selected materials, and must, above all, be carefully
annealed.

M.T, P



CHAPTER XIX,
OILS, LUBRICANTS, ETC.

ForMeRLY 0ils of vegetable origin, and to some extent, animal
oils and fats, were used for lubricating engines and machinery,
but these have now been very largely superseded by mineral
oils, either alone or mixed with saponified oil or soap to form
what is known as a grease or solidified oil. Vegetable oils may be
divided into two classes, (1) “drying oils” (as, for example,
linseed oil), which are subject to *“ gumming ” or rapid oxidation
on exposure to the air, and are used only for painting; and
(2) “ non-drying " oils, of which rape oil is typical, and which on
exposure tends sooner or later to become rancid, i.e., to develop
organic acids. Oils of the first kind are quite unsuitable for
lubricating purposes, and must be avoided. Of the second class,
olive, castor, rape, and cotfon-seed oils are extensively used.
They are extracted by hydraulic pressure from the crushed seed,
and afterwards purified by means of a 1 per cent. solution of
sulphuric acid, which must be entirely removed by subsequent
washing. Of the animal fats, tallow has been widely employed
for lubricating hemp-packed stuffing boxes, and lard, neatsfoot,
and ‘sperm oils have still their special uses. Mineral oils are
derived mainly from crude petroleum, and in limited quantity
from shale. Petroleum is found chiefly in the United States, at
Baku in Russia, and in Burmah. The distillation of crude petro-
leum yields in order petrol or petroleum spirit, benzin, lamp
oil, and what is termed petroleum refuse. The latter is a thick
viscous substance, from which on further distillation with increasing
temperature, the following products come off in the order given :—
(1) Solar oil, used largely for lighting purposes; (2) spindle oil,
specific gravity ‘89 to ‘90; (8) machinery oil, specific gravity
90 to 92 ; and (4) cylinder oil, specific gravity -92 to -925. As
thus obtained, the impure oils are usually dark-coloured, necessi-
tating treatment with sulphuric acid, followed by copious washirng,
and charcoal filtration. The suitability of an oil for the purpose
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in view depends mainly upon (1) its viscosity or consistency, and
(2) its unctuosity or lubricating power. A certain viscosity is
necessary to prevent the oil from being squeezed out under
pressure, which would permit the surfaces to come into metallic
contact, causing abrasion and ultimate seizure. The proper
degree of viscosity thus depends upon the intensity of the
pressure upon the bearing. But with an increase in viscosity,
the internal friction of the lubricant itself also increases, and
upon this the value of the coefficient of friction between the two
surfaces largely depends. Under the very light load to which
the spindles of a spinning frame are subjected, a thin oil, such
as spindle oil, will not be forced out. But the internal friction of
this thin oil, i.e., its resistance to displacement on the bearing,
is also very small, and therefore in this case, a thin oil lubricates
better than a thick oil, or grease. Hence for any particular
purpose, that oil lubricates best which has just sufficient viscosity
to be retained on the bearing, and at the same time possesses
the smallest possible degree of internal friction among its own
particles. As regards lubricating power, experience has shown
beyond doubt that animal oils, such as lard, neatsfoot, and sperm,
possess this property in the highest degree, vegetable oils, such
as olive, rape, and castor, being decidedly inferior, with mineral
oils lowest in the scale. An oil of any one kind alone is, as a
rule, much less efficient than a mixture of two or more kinds
properly blended for each particular set of conditions. The
conditions to be fulfilled are:—(1) The viscosity must be as low
a8 will just enable the load to be carried ; (2) the internal friction
of the oil itself must be as small as possible ; (8) the lubricating
power must be as great as possible; and (4) oxidation must be
prevented, or reduced as far as possible by the addition of a
suitable quantity of mineral oil. The viscosity of any oil is
reduced with rise in temperature, and although a lubricant may
be quite efficient at ordinary temperatures, it may become so
thin as to be of little value when used for steam-heated surfaces.
When exposed to temperatures corresponding to high-pressure
steam, oils of animal and vegetable origin are speedily decomposed,
forming products of an acid character, which rapidly corrode the
metallic surfaces with which they come in contact. Mineral oils,
on the other hand, may be obtained with sufficient viscosity, and
are not affected by superheated steam, or even the high tempera-
P2
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tures which are met with in the cylinder of a gas engine. Indeed
without mineral oil, recent developments in each of these direc-
tions would have been quite impossible. It is therefore of great
importance to determine the  flash point’ of an oil intended for
use at high temperatures. The flash point is the temperature at
which the vapour given off from the oil may be ignited by a
small flame, without actually setting fire to the oil. The “ burning
point ” is the temperature at which the oil itself takes fire and
continues in flame. Cylinder oil may be obtained with a flash
point of 700° F., and there is now no difficulty whatever in securing
a flash point of 480° F. with lubricating qualities of the highest
order. Special precautions must be taken in handling oils of
very low flash point, 78° F. being fixed by law as the dangerous
limit. It is usual also to ascertain the freezing point, as an oil
with a high flash point will sometimes become quite stiff and
immovable in cold weather. This is of great importance for
ice-making machines, refrigerators, etc.

Testing of Lubricants.—Lubricants are tested in several ways
for the determination of: (1) Chemical properties, action on
metals, etc.; (2) specific gravity; (8) gumming or oxidation ;
(4) viscosity; (5) smoke, flash, firing, and boiling points ; (6) setting
or freezing point; and (7) friction and durability, by testing
machine. Each of these tests is capable of affording valuable
information, although in some respects the interpretation of the
results must be left to an expert.

(1) By chemical analysis it is possible to ascertain the amount
of water, and of free acid or alkali present, and this should never
exceed a mere trace. The corrosive action on metals at
ordinary and at high temperatures is also determined in the
chemical laboratory. Properly refined mineral oile have no effect
whatever on metallic surfaces, but if mixed with animal or
vegetable oils, the latter may, in the presence of high-pressure
steam, be gradually decomposed into fatty acids and glycerine.
The chemist is also able to discover any adulteration, such as
resin, tar, asphalt, caoutchouc, soap, etc., which may be dissolved
in the oil, either accidentally, or with the object of improving the
colour, greasy feeling, etc.

(2) The density or specific gravity is determined by means of
the hydrometer or densimeter, which has & graduated glass stem
connected to a cylindrical or pear-shaped bulb to give buoyancy,
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and beneath which is the ‘‘ sinker,’”’ containing small shot or
mercury, to cause the instrument to float in an upright position.
When placed in the
liquid to be tested, the
instrument sinks to
a depth which enables
the specific gravity to
be read off on the
graduated stem. As
oils are lighter than
water, the graduation
representing water will
be found at the lower
end of the stem, and
the instrument will
sink to a greater depth
the lighter the liquid
in which it is placed.
The scale may be made
to read specific gravity
direct, in which case,
. however, the gradua-
tions will not come at
 equal distances apart,
Fig. 101 (¢). Empirical
scales with uniform
graduations are easier
to construct, and are
found to be more con-
venient in use, and of these Beaumé’s has perhaps been most
widely adopted, Fig. 101 (). The zero is obtained by placing the
instrument in a solution of 10 parts common salt in 90 parts
water, and the scale is arranged so that distilled water = 10°.
Having read off “ degrees Beaumé,"” the true specific gravity is
found by reference to a table.
The table is calculated by means of the formula

14678
13678 + n

Q)

F1a. 101.—Hydrometers.

True specific gravity =

where n = degrees Beaumé.
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Beaumé’s Hydrometer for Liquids

Lighter than Water.

Specific

Specific
fa Gravity.

Specific
Gravity.

Degrees. Gravity. Degrees.

Degrees.

Spexific

Specitic
Gravity.

Gravity. Degrees.

Degrees.

10 1-000 18 0948 26 0901

12 0°986 20 0-936 28 0890
14 0978 22 0924 30 0-880
16 0-960 24 0913 32 0-869

34 0859 42 0820

36 0-84Y 44 0-811
38 0839 16 0-802
40 0830 48 0794

The reading of a hydrometer should be taken at normal
temperature, i.e.,, 60° F., and for any other temperature a

correction should be applied.

(8) Test for Gumming and Ourxidation.—This may be carried
out in a simple way by means of Nasmyth’s apparatus, Fig. 102,

F16 102.--Test for Gamming and Oxidation
of Oil.

made by Messrs. W. H.
Bailey & Oo., of Man-
chester. By inserting
the pipette in one of the
small holes provided, a
drop of known size is
allowed to fall upon a
zero line at the top of
an inclined plane of
glass. The glass plate
may be kept at standard
or any required tem-
perature by means of
a heating arrangement
inside the box. The
time taken is noted, and
the distance travelled
down the incline is

read off on a graduated scale at the side, and as a very thin
film of the oil is exposed to the atmosphere on the plate, the
tendency to absorb oxygen and the degree of gumminess is
rendered apparent. The results may be plotted on a diagram,
Fig. 108, for easy comparison. The test may also be carried out
by allowing one drop of the oil under test to fall upon a glass
plate about 2 inches X 4 inches, which is placed in a horizontal

position, and heated to a temperature

of 120" F. for machinery
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oil,or 212° I. in the case of cylinder oil. A very thin film is formed,
the condition of which is observed from day to day. It has been
found as the result of this test extending over many months that
pure mineral oil is absolutely free from any tendency to oxidise.
At the same time, considerable evaporation takes place, the
lighter mineral oils, such, for example, as machinery oil, dis-
appearing entirely when the thin film is maintained at a
temperature of 120° F. for thirty-five hours. Rape oil under
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FiG. 103.—Test for Gumming and Oxidation of Oil.

this trestment soon thickens, finally becoming quite dry and
hard.

(4) Test for Viscosity.—Redwood’s Viscosimeter, Fig. 104, is now
recognised in this country as the standard insirument for the
determination of viscosity. The oil receiver, A, which is of copper,
silver plated, is 1% inches in diameter, and 84 inches deep. In
the bottom is fixed an agate jet, J, having an opening which may
be closed by a small ball valve, V, attached to a wire. It is
important that the hole through the jet should be of standard
size, viz., 067 inches in diameter. The oil receiver is surrounded
by a water jacket, C, 5} inches diameter X 8% inches deep, pro-
vided with a diagonally projecting tube, E, for heating the water
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to the required temperature. On the outside of the oil receiver
is fitted a sleeve carrying four blades, H, which when revolved
to and fro serve to agitate the water in the bath. The required
temperature of the water, as shown by the thermometer, T, carried
on the sleeve, is first attained, and according to the nature of the
oil to be tested, is usually either 70° or 120° F. OQil previously

-
F1G. 104.—Redwood’s Viscosimeter.

heated to the same temperature is then poured into the receiver
to the level of the upturned point of the hook gauge, B, fixed on
the side. A narrow-necked flask, graduated to 50 c.c. on the
stem, is placed immediately beneath the jet in a vessel of water
maintained at the same temperature as the oil. The ball valve
is raised, and simultaneously a stop watch is started, the number
of seconds occupied in the discharge of 50 c.c. being noted. It is
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desirable that at least two observations should be made at the
same temperature. The time in seconds is taken to express the
viscosity of the oil, which, if desired, may be reduced to its proper
value with any standard of comparison as unity.

F1a. 105.—“Open " Flash Point Apparatus.

For practical purposes, the viscosity of rape oil at 60° F. is
usually adopted as standard. From a number of tests made
with his apparatus, Redwood found that 585 seconds may be
considered as the average time occupied by the outflow of 50 c.c.
of refined rape oil at 60° F., the viscosity of water under similar
circumstances being 25'5. Taking rape oil as standard, and
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calling its viscosity = 100, the viscosity of any other oil will be
found by multiplying the number of seconds occupied by the
outflow of 50 c.c. by 100, and dividing by 5385. In the case of an
oil having a different specific gravity from that of rape oil, which
is 0°915 at 60° F., a correction must be made by multiplying
the result by the specific gravity of the sample at the temperature
of the experiment, and dividing by 915. If T = number of
seconds for an oil under examination, and s = its specific gravity,

T X100 X 8
585 x 9156

What is known as the commercial viscosity of an oil is
determined by the following expression :—

Viscosity = 0205 Ts.

(5) Flash and Firing Points.—A small quantity of the oil to be
tested is placed in an open porcelain crucible, A, which is heated
in a sand bath, B, by means of a Bunsen burner, Fig. 105. The
temperature is taken from time to time, and occasionally a tiny
gas flame, C, is brought to within 4; inch of the surface of the
oil for the space of two seconds without actually touching the oil
or the edge of the crucible. For this purpose the gas jet is
mounted on a swivel, D, working between stops as shown, which
enables the flame to be brought into the correct position without
trouble. In Gray’s form of the apparatus, as made by Messrs.
Baird and Tatlock, the crucible or cup is closed by a cover which
may be rotated about } revolution, thus opening a small port
through which, by the same movement, the flame is introduced.
When, on introducing the flame, a flash is observed, or a
slight explosion takes place, the temperature read off on the
thermometer gives the flash point. On still further raising the
temperature until the oil, after being ignited, continues to burn,
the firing point may be observed.

(6) Freezing or Setting Point.—This is not regarded as a test
of much importance in this country, although in colder regions
it requires attention. It is necessary to fix upon a standard
degree of solidification due to the lowering of the temperature,
and this is usually taken to be such that a pressure of 2 inches
of water will cause the frozen oil to rise  inch in a glass tube
1 inch diameter in one minute.

(7) Mechanical Testing.—The efficiency of any oil or grease as

Viscosity = = 00002042 Ts.
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o lubricant may be ascertained by noting its behaviour when
tested under normal conditions on a standard bearing of known
dimensions. A number of oil-testing machines have been brought
out for this purpose, most of them based upon the principle of
the celebrated ““ pendulum ” tester of the late Professor Thurston,
which is made in this country by Messrs. W. H. Bailey & Co., Ltd.,

F1G. 106.—Thurston Oil Tester.

of Manchester. As seen in Fig. 106, it consists of a frame forked
at the top to form two bearings for a short shaft, A, on which
is fixed the driving pulley, B. The machine is most conveniently
driven by a small electric motor, in such a manner that any
desired speed may be obtained. The shaft is continued to form
an overhung journal, C, which is embraced by two half-brasses, D,
contained in a frame, E, fixed to the pendulum, H. The coefficient
of friction of an oil varies with the temperature, and it is
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important that the temperature should be maintained constant
throughout a test. A thermometer, G, is therefore mounted in
the bearing so that the temperature may be noted at intervals.
The pendulum is tubular, and inside it is placed a spring, L, by
means of which pressure may be put upon the journal. On the
pendulum there is a graduated scale, N, showing on one side the
total pressure on the bearing, and on the other side the load per
square inch, and the
pressure may be ad-
justed by means of a
screw which is turned
by the milled head at the
bottom of the pendulum.
In this way the test may
be made to extend over a
series of bearing pres-
sures, the results being
plotted in the form of a
curve. The pendulum
carries a “bob” weight,
J, at its lower end to
provide the necessary
moment for opposing the
resistance due to fric-
tion. When the shaft
is rotated the pendulum
swings through a certain
angle from the vertical,
Fig. 107, and by means
of a pointer moving over a graduated arc, W, a reading is
taken from which the value of the coefficient of friction may be
determined.

Let P = total pressure, and p = pressure per square inch on
the journal, of which r = radius, and ! = length respectively ;
T = pressure of the spring; W = weight of pendulum and bob ;
R = effective length of pendulum ; § = angle of deviation of the
pendulum from the vertical; F = force required to overcome
friction ; and u = coefficient of friction. The total load is applied
to both brasses, and as weight of pendulum may be neglected
so far as pressure on bearing is concerned, P = 2T, and therefore

F1a. 107.—Thurston Oil Tester in Use,
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- P _2T
P=o@n 4
Butp = % , and a8 moment of F' = moment of weight of pendulum

and bob
Fr = Pur = p2Tr = WRsin 6,

F _ WRsin @
andp =5 = —p—

——

F1G. 108.—Sclf-recording Oil Tester.



222 MECHANICAL TECHNOLOGY.

The quantity \__VR:m ois shown on the graduated are, and thus it
only remains to divide the reading on the arc by the reading on
the pendulum to obtain the required coefficient. When making
the experiment, the oil to be tested is fed continuously on to
the bearing, and the machine is run until the reading of the
thermometer becomes constant. The displacement of the
pendulum may then be read off. The coefficient of friction
increases rapidly just after starting, but after awhile falls off
again, and it is only after running for some time that normal
conditions are reached. The machine may be made self-recording,
as seen in Fig. 108, and an example of the diagram produced is
given in Fig. 109, which exhibits the peculiarity just referred to.

YT RT T £ Y2 1= 1

lacrricienr or Frcrion

RIS R RN ERRR R RN

Jorar Revovurions.

13060

RERRR

F1G. 109.—Diagram from Self-recording Oil Tester.

Such tests, to be of real value, must always be reduced to some
standard of comparison, and it is only in the proper interpretation
of the results that their safe application lies.

The lubricants used for various purposes may be classified as
follows : —

(1) Extremely heavy pressures: Graphite or plumbago, tale,
and mica.

(2) Heavy pressure and slow speed : Tallow, solid grease.

(8) Heavy pressure and moderate speed: Lard oil, thick
mineral oil.

(4) Moderate pressure and speed : Olive, neatsfoot.

(5) Light pressure and high speed : Sperm, light mineral oil.

(6) Steam cylinders and valves : Heavy mineral oils.

Mineral Oil for Lubricating Purposes.— It is usual to specify
that an oil suitable for lubricating steam engines and for similar
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high-clags uses shall have a specific gravity of from 09 to 092 at
a temperature of 70° F. The flash point must not be under
820° F., and the viscosity at 70° F. should be 600, falling off at
120° F. to 120. The oil must be free from water, acid, wax, tar,
or fatty matter, and must be entirely soluble in benzine of specific
gravity 0°67 to 0°7. No change whatever must be apparent after
twenty-four hours’ exposure to the air in the form of a thin film,
and the evaporation at 850° F. for two hours must not exceed
0'5 per cent. The heavy dark “cylinder” and “ valve ” oils for
use in the cylinders of engines working at high pressure, and
with superheated steam, have a viscosity of from 500 to 700 at
120° F., and the flash point is exceptionally high.
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CHAPTER XX.
LEATHER, INDIARUBBER, GUTTA PERCHA, ETC.

Tue skins of all the domestic, and of many wild animals, are -
cured or tanned for the purpose of making leather. Those from
the larger animals are known as hides, and from the smaller

F1G. 110.—Section of Ox Hide (x 40).

animals as skins. Fig. 110 represents a section of an ox hide,
magnified about forty diameters, which shows that the skin
consists of three layers: (1) the outer skin or epidermis, a,
(2) the leathery skin or corium, b, and (8) the inner layer or
dermis, c. The epidermis contains no blood vessels, and consists
solely of a mass of horny scales, packed closely together. This
portion is removed preparatory to -the tanning process. The
M.T, Q
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leathery skin is made up of cells, which are soft and round, and
which at the top are constantly being dried and pressed flat into
scales to form the epidermis, which is always being renewed. The
dermis is composed of a fibrous substance, or tissue, and is full
of blood vessels and capillaries. It also contains the sweat
glands, ¢, from which minute tubes or ducts run right through
the epidermis to the pores, f, on the outer surface. This part is
also removed before tanning proper commences. The hair, g,
‘grows from minute sacs or bulbs in the leathery skin, passing
through ducts in the epidermis. In the production of leather,
the hair is taken off preparatory to tanning. The business of
the tanner and currier is thus found to comprise three distinct
branches: (1) preparatory processes, (2) tanning proper, and
(8) finishing. In the first place, the hides are thoroughly soaked in
a vat of clean cold water, and all dirt washed out. They are then
laid over a beam, and the surplus fat removed with a blunt fleshing
knife. They are next placed in a vat of weak lime, and are liffed
out daily, the lime being strengthened until the hair gets looss,
which takes about a week. After thorough washing in water
they are laid upon a beam, and the hair taken off with a blunt
knife. All traces of lime remaining are next removed by repeated
washing, when the hides are ready for the ‘ handlers.” These
are large vats containing tannin liquor, which is very weak at
first, and is gradually strengthened. In this the hides are hung
for ten or twelve days side by side on sticks very close together,
and just below the top of the vat. This treatment is intended to
open the pores and “ plump up” or swell the hide, to give
thickness and firmness to the leather. The tanning process
proper now commences, the operation being effected by means of
certain vegetable, mineral, or animal matters, according to which
it may be described as (1) bark tanning, (2) chemical tanning or
“tawing,” a8 in the production of white and chrome leathers, and
(8) chamois dressing, as in the manufacture of glove kid, wash-
leather, etc. In the bark process, the active agent is tannic
acid, obtained by ‘ leaching” or steeping the rind or bark of the
oak in water. The hides are packed in large vats called *lay-
aways,” each capable of containing about six dozen. The hides
are carefully deposited one on the top of the other, with a layer
of ground bark between, and when the vat is full, strong tannin
liquor is run in until all are completely covered. According ta
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Mr. C. A. Schieren, the well-known belting manufacturer of New
York, the hides should be taken out after ten days, and the
bark renewed six times, the time allowed being increased about
five days for each succeeding layer, so that the last layer will
require about forty days to penetrate the leather. In this way
good leather may be tanned within four months, although for
belting and other prime uses, six months should be allowed.
For the production of white leather, a solution of alum and
common salt is employed, which, however, remains soluble and
may be removed by washing, the leather becoming hard and
brittle after drying. Good results have recently been obtained
by the use of chrome salts, and the operation occupies much
less time than bark tanning. Chamois dressing is effected by
rubbing into the skin to be cured fatty matter such as train oil,
which is then allowed to oxidise by exposing fhe skin to the air.
The grain or hair side is purposely removed during the pre-
paratory treatment to render the leather soft and supple, and
capable of being washed without losing its good qualities. The
Jfinishing processes to which leather is subjected depend largely
upon the purpose for which it is intended. If required of close
and hard quality, it is hammered or rolled, but if, on the other
hand, softness and pliability are the chief desiderata, the leather
is treated with oil or tallow before drying. Several distinct
qualities of leather are put upon the market, the chief of which
are: (1) Sole leather, which is extremely dense and hard, and is
used principally for boot and shoe purposes. It is tanned from
thick ox or buffalo hides, a considerable time in strong liquor
being allowed. It is finished by hammering and rolling, and
does not undergo any treatment with oil or grease. (2) Belt and
prime harness leather, which is slowly tanned from selected hides
in moderately strong liquor. When the leather is taken from the
vat, it is oiled on the grain side and hung up in a darkened room
to dry at a uniform temperature, very little heat being used. It
should then be of a clear russet colour, and if required for
belting, the hide is soaked in warm water, and the ‘ prime ” or
“butt " portion cut out, Fig. 111. The rest of the hide is known
as waste or ‘“offal,” and is finished and rolled for bootmaking.
After thorough cleansing, the butt is oiled on the grain side and
hung up to dry, and in a semi-dry condition it is dressed with
“ stuffing,” composed of beef tallow and train oil in equal parts.
Q2
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This requires about twenty-four hours to penetrate the leather,
which is then kept under considerable strain for some time in
special stretching machines. It is finally worked down smooth
and hard by machinery, and is put into a drying room to season.

F16. 112.—Sampson’s Method of Belt-
making.

F1G6. 111.—Prime or Butt of Hide for
Belt-making.

The ordinary method of belt-making is to cut the leather into
strips of the width required, the pieces being accurately matched
for thickness, and then joined together to form a belt of any
required length. The joints are made by ‘feathering” or
paring down the ends of the strips in a special machine, and over-
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lapping and cementing them with glue, the joint being kept
under hydraulic pressure until set. In the case of wider belts,
the joints may also be sewn with waxed thread, laced with
thongs, or wire rivetted or clenched, as an additional precaution.
Messrs. Sampson & Co., of Stroud, have adopted the method
shown in Fig. 112 for making a long belt without transverse
joint. Btarting from a circle about 18 inches diameter, the
leather is cut in spiral form, the strip thus obtained measuring
1} inches wide, and sometimes as much as 150 feet long,

Wire Clenched Double Leather Belt
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F1G6. 113.—8ingle Belt on * : "
Sampson’s System. F16. 114.—Double Leather Belt.

necessitating for all ordinary belts the making of one transverse
joint only. The spiral of leather is stretched and pressed by
special machinery until completely straightened out, and all
" unevenness is found to disappear. Two such strips (Fig. 118)
are sewn together to make a 24 inch belt, having a seam running
up the middle, which it is claimed, enables the belt to adapt itself
to the shape of the pulley, and obtain a better grip. Double
Belting.—When a belt of single thickness would be of inconvenient
width, a double belt is used, made by cementing two strips
together, and then sewing or clenching them with one rivet to
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every 8 or 4 square inches of belt, Fig. 114. In the case of double
belts made from leather cut spirally on Sampson & Co.’s plan,
Fig. 115, the single belts are put with the longitudinal seams face
to face, a thickness of canvas is inserted, and then the whole is
pegged through with wood pegs, the outer edges being sewn with
waxed thread. Many large belts up to 6 or 8 feet wide have been
constructed on this plan. There is one width more on the pulley
side than on the outside of the belt, the joints being arranged to
“gplit” or break. From prime leather are also made the hydraulic
leathers or packings used for presses and other hydraulic machinery.
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F1a. 115.—Double Belt on Sampson’s System.

Such packings are made from solid discs of leather, which are
“ blocked ” when in a moist soft condition in moulds of the
required form, in a hydraulic press, Fig. 116. After forming to
shape by means of punch and die, the bottom, in case of hat and
U leathers, is punched out by means of a ring, as shown. The
mould containing the leather is then set in a warm place, and
left to dry for a few hours, when the projecting portions are cut
away, and the edges bevelled, as shown. A simple form of
clamped mould, which may be made of hard wood, and which
answers well for the smaller sizes, is shown in Fig. 117. Air
holes must be provided in the moulds to allow air to escape, or the
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mould cannot be closed properly. (8) Upper Leather, so called
from its application in the manufacture of boot uppers. It is
tanned from thin hides, such as those of the cow, horse, calf, and

Cdp Leather Hat Leather U Leather
1 [) i
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y

F1G. 116.—Method of Blocking Hydraulic Leathers.

goat, the process being accomplished with weak liquor and in
relatively short time. During the finishing operation, it is dressed
with currier’s dubbin, consisting of train oil and tallow, of which
cowhide may absorb as much as 50 or 60 per cent. (4) White

N L e
T b

F1a. 117.—Block for forming U Leathers.

Leather is produced largely from the skins of sheep and lambs, its
principal use being for the manufacture of kid gloves, and for
linings. It is softened, not by dressing with oil or grease, but by
drawing it repeatedly over a smooth rounded surface of iron.
(8) Wushleather and Buckskin, etc., are obtained from the skins of
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the chamois, deer, and goat, and have a wide application in the
production of fancy articles. (6) Raw Hide. To ensure noiseless
running of toothed gearing at a high speed, pinions made of raw
hide are frequently employed. This material is produced from
salted buffalo hides in the form of thin discs, which are reduced
to a solid mass in an hydraulic press, and may then be turned or
machined exactly in the same way as cast iron, to which it is
scarcely inferior in strength. Pickers for operating the shuttles
of power looms are almost invariably made of raw hide, which is
also employed for the manufacture of
3"%4-Ply Gandy Bel _ driving bands both of round and wedge-
ﬂs‘ ) shaped section, the latter being exten-
sively used for motor cycles. Laces or
(1] thongs of raw hide are much used in
! _ making the joints of leather belts.
|
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J#  Substitutes for Leather Belting. —
Woven Dbelting, manufactured from
cotton, flax or * hair,” is the most for-
midable rival of leather. There are two
L] N principal varieties, (1) Canvas Belting, in
#G'ggﬁtggwhg b which a stout canvas, or white cotton

“duck” of the necessary strength, is

’b i Salata Bl (& folded to the required width and thick-

SR — . ness, and passed between rollers, which
press the ¢ plies” together. It then

No Sewing proceeds to a sewing machine, which has

in Balata Beles a set of rollers on each side, the function

of one set being to advance the canvas,
that of the other to hold it back. The
canvas is thus powerfully stretched, in
which state it is sewn, the rows of stitching being about
5 inch apart, Fig. 118. It is next allowed to soak in a
large tank of linseed oil for about a fortnight, after which it is
removed to a second tank containing red silicate paint. The
surplus oil is afterwards squeezed out in & mangling machine,
when the belt is ready for the final process of imparting
“ gtretchlessness *’ by straining it in large frames for about a
fortnight. The well-known “ Gandy” belt is the best example
of this class, Fig. 118. (2) Cotton Belting. Commercially, the
difference between “ cotton” and “ canvas’ belting is that cotton

F1G.118.—Woven Belting.
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is woven in one solid web, whilst canvas is folded to the required
breadth and thickness. Otherwise the material and process of
manufacture is the same for both. The so-called *camel-hair ”
belting, which has the appearance of rough Turkish cloth or
fibre matting, is not camel hair at all, but is woven from coarse
Egyptian cotton, and subsequently coated with red silicate paint,
as above described. The paint is intended to act as a pre-
servative, to protect the cotton from atmospheric influences and
the attack of moths and insects. Other substances, such as
creosote (used in the “ Scandinavia ”’ belt), have from time to
time been proposed with thé same object. Indiarubber Belting.
A cotton foundation may also be waterproofed by cementing
together the canvas plies with a composition of indiarubber.
This gives good results in damp situations, but is expensive, and
must be kept free from oil or grease. Balata Belting, prepared
in a similar manner with balata (see p. 236), is quite impervious
to moisture, and has given the greatest satisfaction for driving
in the open air, or in the steam-laden atmosphere of dyehouses,
ete., and for conveyors.

Most textile or fibre belts are stronger and lighter, and less
expensive than leather. They can be obtained of any reasonable
length without joint, perfectly straight, and of uniform breadth
and thickness, and therefore capable of running with great
regularity and evenness. They are better adapted for use in hot
damp climates, or for exposure to heat and steam, than leather.
On the other hand, no really satisfactory method of making the
joint in a woven belt has yet been devised. With the best of
fasteners at present in use, the strength of the joint does not
exceed 80 per cent. of the strength of the solid belt. Except in
situations for which leather is not adapted, manufactured belts
are found to wear badly when compared with leather, and are
quite unable to resist the action of belt forks or guides, as required
for fast and loose pulleys, etc.

Indiarubber or Caoutchouo is the congealed and dried juice or
milk of various trees growing in tropical countries, and is essen-
tially a mixture of several hydrocarbons of the turpentine oil
series. The best quality, known as Para rubber, which comes
from Brazil, is obtained from several of the Hevea species, and
constitutes the most important source of supply at the present
time. The raw rubber is more or less dark-coloured, partially
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transparent in thin slices, but opaque in the lump. The most
noteworthy property of rubber is its elasticity, but it is also very
plastic, or capable of being moulded. The tapping, collecting,
and smoking of the milk is done by natives. From a spiral
incision made in the bark of the rubber tree, the latex or milk is
allowed to flow into cups, as seen in the photo, Fig. 119, kindly
supplied by Messrs. David
Bridge & Co., Ltd., Castle-
ton, the well-known
makers of rubber
machinery. Solidification
of the juice is effected in
several -ways. On the
banks of the Amazon in
Brazil, the end of a club-
shaped stick is covered
with clay, and is thrust
into the juice, when a
thick covering adheres,
and is caused to congeal
by holding the stick over
a smoky fire. The opera-
tion is repeated until a
sufficiently thick coating
of rubber is obtained,
which is then cut through
on one side, and drawn off
the stick. The juice of
the Para tree contains
about 82 per cent.
caoutchoue, 12 per cent.
albuminous and saline
matters, and 56 per cent.
water. The process of dissolving indiarubber was patented
by MacIntosh in 1828, coal tar oil being used for the purpose.
Ordinary rubber is made up of two constituents, one soft or
viscous, and easily removed by solvents, and the other hard and
fibrous, capable of being worked up when allowed to swell in coal
tar oil. Native rubber is hard when cold, but becomes soft and
sticky on being heated. It is therefore unsuitable for the

F1d¢., 119.—Tapping the Indiarubber Tree.
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majority of purposes, especially as in this form, it also absorbs
water to the extent of 25 per cent. of its own weight. Rubber is
therefore vulcanised or melted with sulphur, a process discovered
by Goodyear in 1842. In this form it retains all its original
properties, or if anything is even more elastic than unvulcanised.
Its nature may however be entirely changed by the operation of
“ burning,” ¢.e. exposure to a temperature of from 250° to 265° F.
If the amount of sulphur is increased to 25 per cent. of the
weight of the rubber, and the mixture strongly heated for a
sufficient length of time, the substance known as Ebonite results.
Raw rubber is readily penetrated, and swells considerably when
immersed in either benzine or carbon bisulphide, but when
vulcanised is little acted upon. Many applications of rubber, such
as the manufacture of shoes, etc., depend upon its plasticity, and
the fact that it can be moulded into any shape before vuleanising.
For this purpose, the raw rubber is cut into small pieces, is boiled
in water, and is washed by passing through rollers over which a
stream of water is kept constantly running, to remove dirt and
impurities. It is then mixed with flowers of sulphur, and
thoroughly masticated in a kneading machine. The heat gene-
rated, which may be assisted from an outside source if neces-
sary, renders the mass perfectly plastic, so that it may be moulded
into any required shape, or rolled out between heated rollers into
thin sheets. After the desired form has been imparted to them,
the objects are subjected to the burning process, which is often
effected by the action of steam in large receivers. Rubber exposed
to the air and also to strong light, deteriorates rapidly. It is also
partially dissolved by oil or grease, a very minute trace of which
causes oxidation and cracking. It dissolves in pure ether and
petroleum, and remains unchanged on the evaporation of the
solvent. It is softened, but not dissolved, by boiling water, and
is insoluble in alcohol. Pure caoutchouc has a specific gravity of
0-925, and consists of carbon 883 per cent., hydrogen 83 per cent.,
and oxygen 8 per cent. Indiarubber, although expensive, is in
great request as one of the best known materials for the insulating
covering of electrical cables and conductors. Large quantities of
rubber are consumed in the manufacture of pneumatic tyres for
motor-cars, and of flexible tubing, hose pipe, etc., for gas and water.

Gutta Percha, discovered in 1848, resembles indiarubber in
some respects, although not to be confounded with it. Gutta




236 MECHANICAL TECHNOLOGY.

percha is derived from the coagulated milk-juice of certain trees
of the sapotacee order, growing chiefly in Malacca, Sumatra, and
Borneo. The collection and preparation of gutta percha is carried
out much in the same way a8 in the case of indiarubber, with the
difference that the tree must first be felled before bleeding for the
juice or “gutta.”” Gutta percha may be vulcanised in the same
way a8 indiarubber, and with similar results. Unlike rubber, how-
ever, gutta percha is not elastic. In the raw state, it is brownish
in colour, but when pure is quite white. It may be entirely dis-
solved in carbon bisulphide, or chloroform. Being an excellent
insulator of electricity, and at the same time quite insoluble in
and impervious to water, it is much used for covering submarine
telegraph and other cables.

Balata is not, a8 commonly supposed, a vegetable fibre, but a
gummy substance resembling gutta percha. It is obtained from
the milky juice of trees of another variety of the sapotacee order,
which flourish abundantly in British Guiana. Exposure to light
and air does not affect balata to the same extent as rubber and
gutta percha. It is much used for waterproofing purposes, and
in the manufacture of woven belting.




PART II.
PREPARATORY PROCESSES.

CHAPTER XXI
CLASSIFICATION OF METHODS OF WORKING.

CoMMENCING with the raw material, as already shown, the
operations involved in fashioning metals into various shapes
may be classified as follows : —

(A) Methods depending upon the property of fusibility, by
pouring or * casting” the molten metal into a mould of the
required form.

(B) Methods depending upon the properties of malleability
and ductility, such as hammering or *forging,” rolling, wire-
drawing, etc.

(C) Methods depending upon the property of divisibility, or
cutting, such as ‘“ turning ” or *“ machining,” shearing, punching,
grinding, ete.

The first two methods of working may be regarded as prepara-
tory, and in the majority of cases are followed to a greater or
less extent by operations comprised under the third head.

SECTION A.—METHODS DEPENDING UPON THE
PROPERTY OF FUSIBILITY.

For the production of ocastings, the metal is melted in
crucibles, or in a special type of furnace called a cupola, and is
poured into moulds formed in sand contained in suitable boxes.
The mould is usually formed by means of a wooden pattern,
which is made of the same size and shape as the required cast-
ing. Consequently, three distinct branches of work must be
recognised, viz., pattern-making, moulding, and founding, the
latter referring more particularly to the melting and pouring of
the metal. Certain general principles which are of great impor-
tance alike to the designer and the pattern-maker, must first be
considered. Almost all substances’ expand when heated and
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contract when cooled, but in the case of metals, it is desirable to
distinguish between liquid .and solid contraction. The former
refers to the gradual lessening in volume of the fluid metal as
it approaches solidification, and the latter to the -contraction
after solidification has taken place until the metal is cold. This
is best expressed by referring to “liquid shrinkage,” and “ solid
contraction.” As a result, the casting is appreciably smaller
than the hollow interior of the mould in which it was formed,
and to compensate for this, the pattern-maker must “ allow for
contraction,” by making the dimensions of the pattern larger
than those of the required casting, by an amount equal to the
shrinkage and contraction which take place during solidification
and subsequent cooling. The coefficients of expansion for di